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ABSTRACT

The Structural Synthesis Transformation is used to conduct
structural system identification in the frequency domain. For
spatially complete cases where each of the frequency response
functions at every degree of freedom of each of the coordinates of
the modeled system are available it is shown that the theory exactly
identifies all modeling errors. For spatially incomplete cases where
the frequency response functions are available only at a proper
subset of the degrees of freedom of the finite element model, single
mode solutions are computed over intervals about the modes of the
experimental system using matrices and complex valued line
integrals. Methods of forming muiltiple mode solutions from the

single mode solutions are explored.






TABLE OF CONTENTS

L INTRODUCTION ........cuutitteeisiecastsntecesesessssssssssss s essssssassserasessesseesassassasss s sn e 1
IL THEORY oottt ttcetscasts s ssas e s s sesesaseessssa s es e s e se e 3
A. IMPEDANCE DESCRIPTION.........ccoeiurrruernceernieceeeeneeeneesessssesssessssessenes 3
B. STRUCTURAL SYNTHESIS TRANSFORMATION......cooveoeeerereerereerann. 4
C. FREQUENCY DOMAIN LOCALIZATION ........ooueemceeeeeeesreresreseeseereeesn 8
D. ERROR IMPEDANCE..........ccccrrtmrireenrnrrnrieseerssssssssssenseseesssssssseses e s eens 9
IIl. SPATIALLY COMPLETE STRUCTURAL IDENTIFICATION.......ooeeeree... 11
IV. SPATIALLY INCOMPLETE STRUCTURAL IDENTIFICATION ..o 26
A. GENERAL DESCRIPTION ......cuoooeuerteruemteeiainceecseeeseseeseseesesesess s 26
B. EXTRACTION REDUCTION METHOD..........eooeeeereeeeeeeeereeeeoeoon 28
C.O-SET SYSTEM.....oieiieceemrennensisteese e seseessesses s ses e essesosn 28
D. IMPROVED REDUCTION SYSTEM.......oooiueemeeeemeeeeeeseeseeseeseeresoseooen 29
V. SINGLE MODE SOLUTIONS ......ovumturmrimeneeeeeeeeeeeosseessess e 44
A. SINGLE MODE MATRIX SOLUTIONS.........cvmmeeeeeeeeeseeeeeeeoeoseosoeooo 44
B. SINGLE MODE INTEGRAL SOLUTIONS .........eueeeeeeeereeeeeeeeoeoooon 52
VI. MULTIPLE MODE SOLUTIONS...c..cvseeesoeeeeeseoeeoeooooeooeoooooeoooooooooeoeoooooo 62
A. MULTIPLE MODE MATRIX SOLUTIONS ......ovmemeeeeeeeeeeeeeoeeoo 62
B. MULTIPLE MODE INTEGRAL SOLUTIONS.......covvemreeeoeeeeoeoeo. 66
C. SINGLE POINT MULTIPLE MODE SOLUTIONS.........oooveeooeooeoon, 70
VII. CONCLUSIONS / RECOMMENDATIONS ... 78

vii




A, SUMMARY .. e 78

C. RECOMMENDATION ... ...ttt i i i, 78
LISTOF REFERENCES . ... ...ttt e, 80
APPENDIX ... 81
INITIAL DISTRIBUTION LIST .. ...ttt 148

viii




LIST OF FIGURES

3-1 Spatially complete Analytic and Experimental SYStEmS. ....cocveerererrrrrererererenirenrenae 11
3-2 Analytic FRF vs simulated Experimental FRF. ............cooooovoooooooooooooo 14
3-3 Spatially complete localization matrix diagonal at Q=352 Hz. ..., 17
3- 4 Frequency dependence of spatially complete localization matrix diagonals. ........... 18

3- 5 Frequency dependence of spatially complete localization matrix error set DOF. Units
are Ibf/in (Log10 Of).......ccueueirerienrereteceeecee e eee e e 19

3- 6 Spatially complete Analytic Impedance vs Experimental impedance. ..................... 20

3-7 Computed stiffness vs true stiffness for spatially complete beam. Plots are identical
Withinh PIOt TESORILION. ....eecvucurruererrerereieieceseeee s eses s 21

3-8 Computed mass vs true mass for spatially complete beam. Plots are identical within

PIOE FESOIULION. ..ottt es e e 22

3-9 Computed damping vs true damping for spatially complete beam. Plots are identical
within plot resolution.

3- 10 Spatially complete Experimental FRF vs AZ corrected FRF. Plots are identical

Within PIOt TESOItION. .......ceueeeererereeeeeeeceeeeeeeee e 24
3- 11 Spatially complete experimental FRF vs AK, AM, and AC corrected FRF. ......... 25
4-1 Analytic and experimental spatially incomplete systems..............ceeereererenenrnnnnnn. 26

4- 2 Analytic FRF vs experimental FRF for spatially incomplete beam using IRS

TEAUCHION. .cvevverreeitecteceecteceaeeaneesea e et eeeeeeeeees s s es e seesesseses 33

4- 3 Analytic FRF vs experimental FRF for spatially incomplete beam using extraction

TEAUCHION. oottt e e see s eeeeses e 34
4- 4 Localization matrix diagonal at Q=196.1 Hz for spatially incomplete beam........... 35

4- S Frequency dependence of localization matrix diagonals for spatially incomplete




4- 6 Frequency dependence of error and non error set localization matrix diagonals for

spatially incomplete beam. Units are 1bf/in (Log10 0f). «...eeveveeeeeereero, 37
4-7 Analytic vs experimental impedance for spatially incomplete beam. ...................... 38
4- 8 Computed Stiffness vs True Stiffness for spatially incomplete beam. ..................... 39
4-9 Computed Mass vs True Mass for spatially incomplete beam. ...............ooooo........ 40
4- 10 Computed Damping vs True Damping for spatially incomplete beam. ................. 41

4- 11 AZ Corrected FRF vs experimental FRF for spatially incomplete beam. Plots are
identical to Within plot TESOIIHOL ...........veeeeeeeneeeeeceeeeseeeseeseeses e 42

4- 12 AK/AM/AC Corrected FRF vs experimental FRF for spatially incomplete beam.
The offset of the two plots is equal to the sampling frequency AQ...................... 43

5- 1 Experimental and uncorrected Analytic FRFs vs singie mode solution at mode 1
corrected FRF using a 3 point frequency sampling of a 1 Hz bandwidth.............. 47

5- 2 Experimental and uncorrected analytic FRFs vs single mode corrected FRF using a
15 point frequency sampling of a bandwidth that includes modes 1 and 2. ......... 48

5- 3 Spatially incomplete experimental FRF vs single mode matrix solutions at mode 1
using 3 point frequency samplings of 25, 10, and 1 Hz bandwidths. ................. 49

S- 4 Spatially incomplete experimental FRF vs single mode matrix solutions at mode 1
using 3, 10, 50, and 200 point frequency samplings of a 1 Hz bandwidth. ........... 50

S-S Spatially complete experimental FRF vs single mode matrix solutions at mode 1
using a 3 point frequency samplings of a 1 Hz bandwidth. ..............ooooooooo. 51

5- 6 Spatially incomplete experimental FRF vs single mode integral solutions at mode 1
using 3 point frequency samplings of 25, 10, and 1 Hz bandwidths. ................. 57

5-7 Spatially incomplete experimental FRF vs single mode integral solutions at mode 1
using 3, 10, 50 , and 200 point frequency samplings of a 1 Hz bandwidth. ......... 58




5- 8 Experimental FRF vs single mode integral and matrix solutions at mode 1 using a 25
Hz bandwidth with a 3 point frequency sampling. ............coevererereereeeresereonnn. 59

S- 9 Experimental FRF vs single mode integral and matrix solutions at mode 1 using a 10
Hz bandwidth with a 3 point frequency sampling..............ccooeeeeerererrereennn.. 60

S- 10 Experimental FRF vs single mode integral and matrix solutions at mode 1 using a 1
Hz bandwidth with a 3 point frequency samphing. ...........c..oveorereemereeereeenn 61

6- 1 Experimental FRF vs multiple mode matrix solutions at modes 1 and 2 using a 1 Hz
bandwidth with a 3 point frequency samplings at each mode..............on........... 64

6- 2 Experimental FRF vs multiple mode matrix solutions at modes 1 through 4 using a 1
Hz bandwidth with a 3 point frequency samplings at each mode. ........................ 65

6- 3 Experimental FRF vs multiple mode integral solutions at modes 1 and 2 using a 1
| Hz bandwidth with a 3 point frequency samplings at each mode. ....................... 67

6- 4 Experimental FRF vs multiple mode integral solution at modes 1 through 4 using a 1
Hz bandwidth with a 3 point frequency samplings at each mode. ........................ 68

6- 5 Experimental FRF vs multiple mode matrix and integral solutions at modes 1 and 2
using a 1 Hz bandwidth with a 3 point frequency samplings at each mode. ......... 69

6- 6 Experimental FRF vs multiple mode matrix solution computed at modes 1 through 3
using a 1 Hz bandwidth with a single point frequency samplings at each mode for a
spatially iInCOMPIEte DEAML..........crvurverrerreececeeeeeeeeeeeeses e e, 71

6- 7 Experimental FRF vs multiple mode integral solution computed at modes 1 through
3 using a 1 Hz bandwidth with a single point frequency samplings at each mode for
a spatially inCOMPIEte DAL .........cucveveeeereeeeeeieeee e 72

6- 8 Experimental FRF vs multiple mode matrix and integral solutions computed at modes
1 through 3 using a 1 Hz bandwidth with single point frequency samplings at each
mode for a spatially incomplete beam. .............cc.eeeeeeemrereerrereseoeeeoooooo, 73

xi




6~ 9 Experimental FRF vs multiple mode matrix solution computed at modes 1 through 3
using a 1 Hz bandwidth with a single point frequency samplings at each mode for a
spatially complete BEAmL. ........c.cc.evruerueverereieeceeeeeeeeeeseses e e e 74

6- 10 Experimental FRF vs multiple mode integral solution computed at modes 1 through
3 using a 1 Hz bandwidth with a single point frequency samplings at each mode for
a spatially complete DEaAmL .........ceuevererereveeeeeieeeee et 75

6- 11 Experimental FRF vs multiple mode matrix and integral solution computed at modes
1 through 3 using a 1 Hz bandwidth with a single point frequency sampling at each
mode for a spatially complete Beam................oueeeeveeeeeererereeseeeeoeooeeooeooonn 76

6- 12 Experimental FRF vs multiple mode matrix solutions computed over 1, 2, 3, and 4
modes using a 1 Hz bandwidth with single point frequency samplings at each mode
for a spatially complete beam. ..............cueueieeeemeeeeeeress i eerereeeaneas 77

xii




I. INTRODUCTION

The Finite Element (FE) method is a proven tool for modeling structural dynamic
systems. As the complexity of the system increases the FE model may not accurately
reflect the dynamic behavior of the system. To determine the extent to which the FE
model accurately describes the physical system, a comparison of the dynamic response or
modal parameters of the system as predicted by the FE model and the response or modal
parameters of the physical system as determined by measurements of the dynamic
response of the system can be made. Such a comparison can easily point out the
differences in the dynamic behavior of the FE model and the physical system but fail to
provide the necessary corrections to the FE model that will provide a more accurate FE

model prediction of the dynamic behavior of the physical system.

Structural system identification refers to procedures used to identify finite element
modeling errors using dynamic test data. Localization is the process of identifying those
degrees of freedom (DOF) of the FE model whose impedance differs from that of the
physical system. We refer to this set of DOF as the error set. Identification is the process
of finding matrices AK, AM, and AC that are corrections to the FE model stiffhess, mass,
and damping matrices. When corrections are installed, the frequency response of the
corrected FE model better predicts the frequency response of the experimental system,
and hence the modal parameters of the corrected FE model better predicts those of the

experimental system.

Structural system identification can be conducted using either modal or frequency
domain methods. This thesis investigates a frequency domain method based on the
structural synthesis transformation (SST) as outlined in Reference (1). When measured
dynamic response data is available for each DOF of each coordinate of the FE model the
identification is termed spatially complete and the SST can be used to exactly determine
which elements of the FE model are in error. Additionally, the SST can be used to
compute'- correction matrices AM, AK, and AC that can be used to correct the mass,

siiﬁﬁess, and damping matrices of the FE mogdel. The dynamic response of the corrected




FE model exactly matches that of the physical system. In the more frequent case that
dynamic response data is not available at every DOF of the FE model, the identification is
termed spatially incomplete. In this case the SST provides a frequency dependent

solution.

SST-based structural system identification uses the frequency response function
(FRF) of the structure under consideration. The FRF is a quantitative description of the
dynamic behavior of the structure. To obtain the FRF, known harmonic excitation forces
are applied and the resulting harmonic response of the structure measured. The ratio of

excitation forces to response at a coordinate evaluated at each frequency in a specified
bandwidth defines the FRF.




II. THEORY

A. IMPEDANCE DESCRIPTION
The impedance model of a given physical system can be defined by the relationship

of structural displacement with respect to an applied force,

(Hz

The harmonic force and response vectors are denoted by "f" and "x" respectively.
These vectors and the impedance matrix, Z, are in general complex-valued and frequency
dependent. Subscripts "i" and "c" denote non-error and error DOF respectively. The
superscript "a" denotes quantities calculated from a FE (analytic) model. If the values
were obtained from experimental test data, the superscript would be "x". Thus, for the

experimental model the impedance relationship would be given by:

f Z; Z:|[x;
- n ic 2‘1b
{JZ z 7| @19
In pratice, the elements of the experimental impedance matrix of Equation (2.1b)

are unmeasurable quanties. To see this we expand row j of Equation (2.1b) to obtain
Iy =+ 2%+ 42 x, (2.2)

To measure an element z; of Z, requires that we impose a unit displacement at

coordinate x; while physically holding all other other coordinates at zero displacements.
This is not physically possible. Assuming, for purpose of definition, the availability of the
experimental impedance matrix, the quantitative difference between the analytical and

experimental systems, as a function of frequency, is described by the impedance error
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matrix. It is defined by the difference between the analytical and experimental impedance

matrices. The error impedance matrix relationship is defined as:

0 0 zZ2 f’ x *
= I Zxc - Zn Zlc (2'3)
0 AZ(Q) Zy Zp| |Z: ZI

B. STRUCTURAL SYNTHESIS TRANSFORMATION

Since the experimental impedance matrix, Z°, is in general unavailable, frequency
domain structural synthesis is used to identify the impedance error matrix using FRF data
exclusively. A structural synthesis transformation is constructed from AZ of Equation (2.3)
which encompasse}s the FE model errors. This transformation is applied to the finite

element model to produce an experimental system FRF.

The FREF relates structural response to applied excitation. Given a FE model with
impedance matrix, Z°, the FRF, H’, is the matrix inverse of the impedance matrix Z° of
equation (2.1a). For a static system (Q=0) the FRF is simply the flexibility matrix (inverse

stiffness matrix). Using the notation of Equation (2.1) we may partition H” as follows:

X I{x‘: iZ i
| Hi Hell 2.4)
xC I{ic Hcc j;‘
Generally, the "c" response coordinates experience applied forces due to both error

impedances and externally applied forces, whereas "i" response coordinates experience

only externally applied forces, such that,

A AR (2.52)

and

fi=f" (2.5b)




Expanding Equation (2.4) and substituting the relations of Equation (2.5) yeilds

the following relationships:
x, = Hof™ + H. f™ + H f (2.6a)
x, = Hf™ + HL.f™ + H2 £ (2.6b)

If we include a copy of Equation (2.6b), in expanded matrix notation, Equation
(2.6) reflects the three harmonic excitation terms to be considered, i.e.,
I{iziz Ha Ha .f;a:!

=\H; H, H.[f~" 2.7
x.) (Hy H. H.|f"

*

=
o

Response coordinates "c" and "i", which are due to external forces, will hereafter
be referred to as "e" coordinates, denoting their dependence on external force excitation.

Consequently, the three excitation forces are condensed into two under the identity:

=] 1= (28

£ ={% (2.8b)

x) _[H, H2[f
e =1 e

Equation (2.3) shows that the impedance error is defined as the difference between

and Equation (2.7) reduces to

the analytic and experimental impedance models. Hence, a transformation is required

which uses the FRF relationship of Equation (2.9) to generate a similar relationship for the




experimental system. The impedance error AZ provides the basis by which this

transformation is developed.

The impedance error matrix, AZ(Q), is a function of frequency and satisfies:
) =4az(Q){x.} (2.10)

where

[AZ(Q)] = [[aK] + jO[AC] - Q*[AM]] 2.11)

for Q the forcing frequency, j =+/-1 and AK, AC, and AM stiffness, damping and mass

error matrices comparable to those of the finite element formulation. The minus sign in
Equation (2.10) reflects that the reaction forces imposed by impedance errors on the
baseline model are being considered. Substituting the relationship

£ oL |
{fc} “[0 —Azc]{xc} @12)
into Equation (2.9) yields:
x" [HS H:JI 0 (£
{xc} _[H; H:j[o —AZ]{xc} (2.13)

%" [H. -HAZ)(£) |
=| = % 2.14)
x| “|H. -HAZ||x,

Expanding Equation (2.14) into two equations and using "*" to denote a

simplifying we get:

synthesized modified response results in
x, = H.f, — H.AZx, (2.1523)

x, =H’f - H.AZx (2.15b)




Rearranging Equation (2.15b) produces
[1+ HoAZ]x, = HLf,

Using the property of the frequency response function,
X, =H.f,

[I + H;AZ]x: =x,
x, = [I+ H;AZ]_lxc

Introducing Equation (2.16) into Equation (2.15b) results in
x; = Hof. - HoAZ T+ HLAZ] 'x,

x. = Hi.f, - HiAZ[ I+ H2AZ] HL f,

Once again we recall the property of a FRF,
x, = H.f,

Combining Equations (2.17b) and (2.18a) yields

H, = H - HonZ[ 1+ HAZ| HE,

Noting that
[1+H282]" =[(az7 + B2 )az]"
and applying the matrix property
(alle])” =[] "[a]
- we get that

H, = H, - H[AZ" + H2| ' H?,

(2.16a)

(2.16b)

(2.16¢)

(2.16d)

(2.17a)

(2.17b)

(2.18a)

(2.18b)

(2.192)

(2.19b)

(2.20a)



Replacing the superscript "*", which denotes the structures's synthesized coupled

response, with the superscript "x" to indicate the test system response we arrive at

H, = H - HJ[AZ" + B HE, (2.20b)
In full matrix notation we have
T
H H| [H® H° a J[He
i M [Az7 + HZ]| e (2.20¢)
H, H,.| |H; H.| |H.| H,

Equation (2.20b) is the structural synthesis transformation equation. When the
experimental system FRF, H , is available thé SST can be used to identify a frequency
dependent impedance error matrix [AZ(Q)]. Additionally, using Equation (2.9), [AZ(Q)]
can be decomposed into constitutent stiffness, mass, and damping errors.

C. FREQUENCY DOMAIN LOCALIZATION

We may rewrite Equation (2.20b) as

AH, = H.D'H® (2.21)
where
AH, = H® - H? (2.22a)
and
D=[AZ" + H}] (2.22b)

We define the localization matrix L as
L=2Z, -AH,, -Z,, (2.23)

using the expression of Equation (2.22a) in Equation (2.23) we can rewrite L as

L=2Z7-H.D'H".Z° (2.24a)

Expanding the "e" coordinate set into error and non error coordinates we get




S At R 2240

Noting the the frequency response matrix is the inverse of the impedance matrix, i.e.,

g a a a I O
L Ze | Hi He) (2.25a)
ze z2|HY H.| |0 I

all mixed product coordinates of Equation (2.24b) must be zero and L simplifies to

0 0 <
L=[O D“] @ Q=0 (2.25b)

D. ERROR IMPEDANCE

We can solve Equation (2.20b) for the impedance error [AZ]. From Equation
(2.25Db) terms of Equation (2.20b) associated with non error coordinates may be assumed

to be zero. We get the following form of the impedance error matrix

[22)= ([#z]-[52])” @ (2.262)
where
AR (AR AR (2.26b)

Let E={Qi, Qy, ... , Qu} be a set of frequencies where Q; < C0<...<Qp<Qy. If
for each i=2,3, ..., n-1, we apply Equation (2.10) at each of the frequencies Q;.;, Q; , and
Q;+1 and assemble the resulting three equations into a system of three equations in three

unknowns, we get the matrix equation

AZ (@ )] [1 -Qf_,l JQ._ I AK

AZ(Q) |=|1 -Q1 oI |aM, 227
AZC(QHI) I Qz2+]I jQiHI ACc

Equation (2.27) can be used to decompose the frequency dependent impedance
error into constitutent stiffness, mass, and damping error matrices, AK, AM, and AC at the

frequencies Q;, i=2,3,...,n-1. These constitutents matrices are in general frequency




AK(Q)
dependent. Denoting the solution of Equation (2.27) by AMC(Q,.) for ¥2,3,...,n-1 we
AC,(Q,) |
obtain for each €; i=2,3,...,n-1, error stiffhess, mass, and damping matrices AK (),
AM.(€2), and AC.(£2) such that

AZ(Q;)= AK,(Q,)-QIAM,(Q,) + JAC,(Q) (2.28)

The matrices AK.(£2), AM.(€2), and AC.(£2) can be used to numerically correct
the stiffness, mass, and damping matrices of the FE model at the frequencies Q;
¥2,3,...,0-1 in that the FRF of the corrected FE model at the frequencies Q; approximates
the experimental system FRF at ;. To express this symbolically, if K°, M®, and C* are the
stiffness, mass, and damping matrices of the FE model and A is the FRF matrix of the

experimental system at Q;
HY(Q,) = (K* + AK,(Q,) - Q2(M° + AM,(@,)) + jo,(C* + ac@)) @29

where the "c¢" subscripted matrices are added at the corresponding error set coordinates of
the "a" superscripted matrices.
For a general set of frequencies, E={Q,, Q,, ... , Q.}, we can form the system of n

equations in three unknowns given by:

[az(Q)] [1 -@21 joI]
: P ¢ [Ak,
AZ(Q)|=|1 -Q jQ,I|AM, (2.30)
: I :olAc,
AZ(Q,)| |1 -9 jo,I
AK. | [AK(E)
 The solution | AM, |= AM,(E) | of Equation (2.30) represents error stiffness,
AC, | | AC(B)

mass, and damping matrices which best corrects the FE model in a least squares sense.
Equations (2.27) and (2.30) are fundamental to all that follows.

10




1. SPATIALLY COMPLETE STRUCTURAL IDENTIFICATION

To illustrate the principles of SST based frequency domain structural identification
we will use the FE model of a free-free beam. To simulate the experimental system we
impose a 25% addition to the mass and stiffness of elements 3 and 4 of a 10 element FE
model. Figure 3-1 shows the finite element model of the beam and the spatially complete
experimental system that results from imposing the mass and stiffness additions at element
3 and 4 of the FE model. Table 3-1 shows the system frequencies of the analytic and
experimental systems.

M T M 7 4p m T T D m M

EXPERIMENTAL SYSTEM

MASS OF ELEMENT 3 = 1.954X10"6 LBM
MASS OF ELEMENT 4 = 1.954X10"-6 LBM
STIFFNESS OF ELEMENT 3= 417.88 LBF/IN
STIFFNESS OF ELEMENT 4 = 417.83 LBF/AN

LA I Y D DY Y Y D Y b O Y Y '

ANALYTIC SYSTEM

NUMBER OF ELEMENTS = 10
LENGTH = 60.625 q ROTATIONAL DOF AT NODE
El = 74500 LBF-INA2

SECTIONAL AREA = 0.8359 IN*2
WEIGHT DENSITY = 0.05 LBFIN*3
ELEMENTAL MASS = 1.563X10°-6 LEM
ELEMENTAL STIFFNESS = 334.3 LBF/N

T TRANSLATIONAL DOF AT NODE

Figure 3- 1 Spatially complete Analytic and Experimental Systems.
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MODE ANALYTIC (Hz) EXPERIMENTAL
(Hz)
1 25.41 24.42
2 70.06 68.41
3 137.4 130.2
4 227.5 216.3
5 340.8 329.4
6 478.0 456.5
7 6399 612.0
8 826.5 802.6
9 1026 969
10 1363 1323
11 1641 1573
12 1981 1920
13 2381 ' 2283
14 2850 2754
15 3397 3269
16 4028 3912
17 4720 4605
18 5377 5156
19 6795 6791
20 6808 6801

Table 3-1 System Frequencies of spatially complete Analytic and Experimental systems.

We will denote by M*, K°, and C° the mass stiffness and damping matrices of
the FE model and by M*, K*, and C* the mass stiffaess and damping matrices of the

experimental system. The impedance matrices of the analytic and simulated experimental

systems are given by:

12




Z°(Q) = K° + jQC°* - Q*M* (3.1a)
Z*(Q) = K* + jQC* - Q* M (3.1b)

The FRF matrices of the analytic and simulated experimental systems are given by:

H(Q) = 2°(Q)™ (3.2a)
H(Q)=Z*(Q)" (3.2b)

Figure 3-2 shows a comparison of the driving point FRF at DOF 1 of the analytic

and experimental system.

13




EXPERIMENTAL
- = - ANALYTIC

' e r et e e D -
RIS e e e N, : : K

I
L5 ]

H(7,7) in/Ibf (Logl0 of)
& A & b

-7
-8 L ! i i !
0 200 400 600 800 1000
Omega (Hz)

Figure 3- 2 Analytic FRF vs simulated Experimental FRF.
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For a given frequency Qy, using Equation (2.24a), we can form the localization
matrix L. Plotting the diagonal elements of L versus the associated DOF we obtain the
plot shown in Figure 3.3. For each frequency, Q, in a given frequency range, we can
compute the diagonal of L at Q . Assembling the diagonals over the frequency range of
our system into a rectangular matrix and performing a MATLAB mesh plot of the
resulting rectangular matrix we obtain the surface plot shown in figure 3.4. Figure 3.4
shows the frequency dependency of the localization matrix diagonals. As our system is
spatially complete Equation (2.25) forces all non error coordinates to be zero. From
Figure 3-3 we can determine that the locations of the nonzero diagonal values are DOF 9,
10, 11, and 12. We denote by C,. the set of DOF for which L(i,i) is non zero. For our

beam system C,, ={9,10,11,12} . Figure 3.5 shows the frequency dependence of typical
error and non error set diagonal elements of the localization matrix L.

Using the set, Cey, which results from the localization, we can perform a
partitioning of the FRF matrix as described by Equation(2.4). We can now apply
Equation (2.26) to compute AZ as a matrix function of frequency over the frequency
range of our system. We then use Equation (2.27) to decompose AZ into its constituent

components AK, AM, and AC. We get exact solutions of error stiffness, mass, and

damping as shown in figures 3-7, 3-8 and 3-9. The MATLAB Routine SST.M of
Appendix A can be used to accomplish the above steps.

For each Q in the frequency range of our system we can form the sum:
Zm(Q) = Z2(Q) + AZ(Q) 3.3)
We refer to
H,, =(Z.)" (3.4)

as the corrected FRF of the analytic model. H,,, is the FRF of the model that results from
installing the corrections as identified by the Equation (2.26a). Figure 3-10 shows a
comparison plot of the FRF of the corrected model and the FRF of the experimental

system. Figure 3-10 clearly shows the exactness of the SST solution in the case of a

15




spatially complete system. The experimental and corrected model FRFs are identical to

within plot resolution.

At each frequency, Q, in the frequency range of our system we can form the sum'
Zo7(Q) = Z(Q) + AK(Q) + jQAC(Q) - Q’AM(Q) 3.5)
We refer to:
H = () (3.6)
as the constituent corrected FRF. Figure 3-11 is a comparison plot of the constitutent

corrected FRF and experimental for our system. The offset between the two plots is
exactly equal to the sampling frequency AQ.
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IV. SPATIALLY INCOMPLETE STRUCTURAL
IDENTIFICATION

A. GENERAL DESCRIPTION

To illustrate SST based frequency domain structural identification when the
physical system under consideration is spatially incomplete we will again use the FE model
of a free-free beam. We simulate the experimental system by imposing a 25% addition to
the mass and stiffhess of elements 3 and 4 of a 10 element FE model. Figure 4-1 shows the
FE modeled beam and the spatially incomplete system that results if FRF data is available
only at the displacement DOF of the FE system.

T T 7177 T 7

EXPERIMENTAL SYSTEM

MASS OF ELEMENT 3 = 1.954X10°-6 LBM
MASS OF ELEMENT 4 = 1.954X104-8 LBM
STIFFNESS OF ELEMENT 3 = 417.88 LBFIN
STIFFNESS OF ELEMENT 4 = 417.88 LBFAN

r1-
™ M

7
N
7/
N
/7
N
7/
—
N
7
—>
—
N
4

ANALYTIC SYSTEM

NUMBER OF ELEMENTS =10
LENGTH =60.625

El =74500 LBF-IN*2 /[\

SECTIONAL AREA = 0.8359 INA2 TRANSLATIONAL DOF AT NODE
WEIGHT DENSITY = 0.05 LBF/INA3

ELEMENTAL MASS = 1.563X10A-8 LBM

ELEMENTAL STIFFNESS =334.3 LBFAN .

{ ! ROTATIONAL DOF AT NODE

Figure 4- 1 Analytic and experimental spatially incomplete systems.
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To obtain a simulated FRF for our spatially incomplete beam we denote by
M?, K%, and C* the mass stiffness and damping matrices of the FE model and by M*,
K*, and C* the mass stiffness and damping matrices of the experimental system. M~

K*,and C* are obtained by imposing 15% mass and stiffness and a 15% mass additions
to the elemental matrices of element 5 and 6 respectively of the FE model. The impedance
matrix of the simulated spatially complete beam is given by

Z*(Q) = K" + jQC* - Q*M* 4-1)
The FRF matrix of the simulated spatially complete system is given by
H(Q) =2 (). (4-2)

We introduce the terminology Analysis set and Omitted set where the Analysis set
(A-set) is that set of DOF for which experimental FRF data is available and the Omitted
set (O-set) is that set of DOF of the experimental system for which experimental FRF data
is unavailable. For our simulated experimental system the A-set consist of the odd
numbered translational DOF and the O-set consists of the even numbered rotational DOF,

ie.,
A—set ={135,...,21} (4.3a)
O-set ={2,46,...,22} (4.3b)

We obtain the simulated FRF of our spatially incomplete beam by physically
extracting the rows and columns of the simulated spatially complete matrix, &, for which
FRF data would be available. In our system these are the rotational DOF and all even
numbered rows and columns are omitted from the simulated spatially complete FRF to

obtain a spatially incomplete FRF which we will denote by? .
For a fixed Q,, F(Qo) is a square matrix of size (length(4-sef)) by (length(4-

set)). For our FE model as currently defined, H°, is of size (number of DOF) by (number

of DOF) and is, as is true of most real world cases, of larger size than H* . In order to

employ the structural synthesis transformation we need to reduce the size of & to that of
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H* . To this end we will consider two reduction methods, FRF matrix extraction [Ref. 1],
and the Improved Reduced System as given in [Ref. 2].

B. EXTRACTION REDUCTION METHOD

In order to reduce H” by the extraction method we simply extract from the full
order H those rows and column which correspond to A-set coordinates. Partitioning the

impedance and full FRF matrices of our analytical system

Z= Zao Z‘;" (4.4a)
Zoo Zg
g = | e HZ,, (4.4b)
H,, H,
and using the identity
Z,, Z; | H., H: I 0
ZH = aa ao aa ao - 4'5
A - R @
we obtain the relationship
Hy=(Zy-2,277,)" (4.6)

We denote the reduced Analytic FRF of Equation (4.6) by H° .

C. O-SET SYSTEM

Equation (4.6) relates the extracted reduced order FRF of the analytic model to the
impedance of the full order order model. Taking advantage of the identity

[Z,.]" =(deZ,,])" adf]Z,,] 4.7)
and replacing Z,, by Kootj2C,-j¥M,, (where det(e) and adj(e) represent the

determinant and adjount respectively), we see that an element —H_f(Q) is large for those

frequencies Q, where Q, is an eigenvalue of the O-set system, the O-set system being that
FE model having stiffhess, mass and damping matrices Koo, Moo, and Co, respectively.
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D. IMPROVED REDUCTION SYSTEM

To use the improved reduction method (IRS) we first partition Z° using the A and
O sets, then adjust Equation (2.1) to reflect this new coordinate system obtaining

Jal | Za Zao [ 438)
L) 1 Ze Zy |l
Expanding Equation (4.8) into two equations yields
Jo = Zogx o + 25, (4.92)
fo=Zopx,+Zox, (4.9b)

O-set coordinates are not associated with FRF data measurement locations on the
physical structure, therefore the forcing function at O-set coordinates can be set to zero.
Making these substitution into Equation (4.9b) and solving for the generalized structural

response coordinates leads to:

x,=-Z 7% (4.102)

oava

x, I
{xo} = {_ Z;,‘Z,j‘a]{x"} (4.10b)

Substituting these results into Equation (4.8) yields,

Ll _|Z2 Za, 1

(15 2Lzl 1
hence

Vel =2 - 2,232, ]{x.} (4.12)

When Q=0 the Equation (4.10a) yields the static reduction relationship between
omitted and retained coordinates and is given by

o} =[-Kn Koo |{x.} (4.13)




The IRS relationship is given by
{50} = [ Koo Koo + TM K | {0, } (4.14)

where

T=K}M,-KIM KK, (4.15)

and Kqa and Mgx are the statically reduced [Ref. 2, 3] stiffness and mass matrices.

Unlike the spatially complete case where we only had to consider two system (the
analytic and the experimental systems), in the case of a spatially incomplete system there
are actually five systems with which we must concern ourselves [Ref 4]: the analytic
system, the experimental system, the reduced analytic system that results from conducting
dynamic reduction on the mass and stiffness matrices of the analytic system, and the
omitted systems of both the analytic and the experimental system. Table 4-1 shows the

frequencies of each the first four of these systems.

Figure 4-2 shows a comparision of the analytic and experimental FRF of our
spatially incomplete beam. We see that by using IRS reduction of the analytic system those
modes above approximately 1000 Hz i.e., those modes associated with the reduced out
rotations, are not present. Figure 4-3 shows a similar comparision where we have used
extraction reduction and the higher modes are present. In all that follows we shall use IRS
reduction of our analytical systems. Figure 4-4 shows the localization matrix diagonal at
Q=196.1 Hz while Figure 4-5 shows the frequency dependency of the localization
diagonals over the frequency range our our spatially incomplete beam. For a spatially
incomplete system the determination of the locations of the error coordinates is not a
clearly defined task. We shall not discuss the problem of actually determining the exact
error set in the spatially incomplete case and will use our knowledge of the true location of
the error coordinates to aid in our localization. As we shall make use of the concept of the
size of the error set again, we will simply note that using a reduction method like IRS
causes errors to be 'smeared' in the reduced analytic model. Table 4-2 shows the A-set and

O-set of our simulated beam along with the locations of the true errors as well as the
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computed C-set at Q=196 Hz. The computed C-set is the set of all DOF having a diagonal

entry whose absolute value exceeds a given tolerance.

Mode Anal (Hz) Exp (Hz) Reduced | O set (Hz)
(Hz)

1 25.41 25.83 25.41 1244.28
2 70.07 70.85 70.07 1287.94
3 137.45 137.93 137.45 1417.14
4 227.55 227.37 227.55 1629.59
5 340.84 341.14 340.84 1928.6
6 478.0 477.97 478.0 2327.83
7 639.9 639.92 640.3 2853.66
8 826.5 826.24 829.7 3541
9 1026.8 1025.99 1029.74 4399.32
10 1363.62 1364.51 5280.86
11 1640.62 1640.71 5701.99
12 1981.19 1984.61
13 2381.4 2380.32
14 2850.01 2847.38
15 3397.39 3397.74
26 4027.82 4026.28
17 4720.15 4738.64
18 5376.83 5380.09
19 6794.91 6787.09
20 6807.52 6804.12

Table 4-1 Analytic, Experimental, Reduced, and Omitted System Frequencies of Spatially
Incomplete Beam.
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A Set 1135719111 ]13]15]17]119| 21
O Set 2|1 4| 6|8 1012141618 |20 22
True C Set 516 {78910

Computed C|{1| 3 (S5 {7 |9 1113

Set

Table 4-2 Analytic set, Omitted set, Computed C set, and True C set DOF for spatially

incomplete beam.
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Figure 4- 2 Analytic FRF vs experimental FRF for spatially incomplete beam using IRS

reduction.
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Figure 4- 3 Analytic FRF vs experimental FRF for spatially incomplete beam using

extraction reduction.
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Figure 4- 4 Localization matrix diagonal at Q=196.1 Hz for spatially incomplete beam.
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Figure 4- 12 AK/AM/AC Corrected FRF vs experimental FRF for spatially incomplete
beam. The offset of the two plots is equal to the sampling frequency AQ.
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V. SINGLE MODE SOLUTIONS

A. SINGLE MODE MATRIX SOLUTIONS

In the case of a spatially complete system we have seen that the SST yielded
frequency independent error matrices AK, AM, and AC that could be used to correct the
stiffness, mass, and damping matices of the FE model in such a manner that the FRF of the
corrected FE model was exactly equal to that of the experimental system. In the case of a
spatially incomplete system the constituent solutions AK, AM, and AC given in chapters
III and IV were in general frequency dependent solutions which serve only as corrections
to the reduced FE model. Ideally we seck frequency independent solutions which are
corrections to the full FE model. For now we shall only deal with the simpler problem of
trying to find frequency independent solutions which serve as corrections to the reduced
FE model.

We shall employ Equation (2.30). For a given experimental system mode, ,,
consider a frequency bandwidth [Q, Q,] such that w,e[Q), Q.]. Let E={Q; Q»,...,Qn} be
a frequency sampling of the bandwidth [Q, Q,], i.e., Q<< for each Q;eE. For each
Q;eE we can form the error impedance matrix AZ(£2). We apply Equation (2.30) to the
partition yeilding the following system of m equations in three unknowns:

[AZ,(Q)] [1 -Q joI
s P PoTAK

AZ(Q) |=|1 -Q jO.I|AM (5.1)
. . . . _AC:.D"

AZ,(Q,)]| (I QLI jQ,I

We will demonstrate by example that for properly chosen bandwidths [Q);, Q,], the
solution AK", AM?", AC?" of Equation (5.1) approximately corrects the Analytic FRF
over the frequency bandwidth [Q,Q.], i.e., if H'(£2) is the value of the FRF matrix of the

experimental system at a frequency Q, F(Q) the value of the FE reduced analytic FRF
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matrix at Q, and H, (Q) the value of the single mode corrected reduced Analytic FRF

corr

matrix at Q for an experimental system mode o, where Qe [€21,Q,] then

H(Q) - H(Q) (5.2)

H (@)~ He, ()] <

We will refer to the solution AK?", AM?", AC;" as a single mode solution at @,.

In the case of a spatially complete system, such as the spatially complete beam discussed in
chapter III, all single mode solutions are found to be identical to the unique frequency
independent solution that was obtained in chapter III, hence the corrections are valid
throughout the frequency range of the experimental system and the left hand side of

Equation 5.2 is zero. For a spatially incomplete system this is not the case.

In support of Equation (5.2) we chose a 1 Hz frequency bandwidth centered on
mode 1 (0;=25.21 Hz) of our spatially incomplete beam as defined in Chapter III. For our
frequency sampling, =, we will use a sampling frequency of .5 Hz which results in 3 points
which are equally spaced over the interval, £={24.7178 Hz, 25.2178 Hz, 25.7178 Hz}.
Solving Equation (5.1) we get

-391 -13.60 21.70

AK?' =[-13.60 1705 -1875 (5.3a)
-2170 -1875 194.6 '

-0.0001 0.0006 —0.0005
AM? =| 0.0006 -0.0033 0.0026 (5.3b)
—0.0005 -0.0026 -0.0016

0+0.0270; 0-02291j 0+0.2277)
AC® =|0-02291 0+15078; 0—14627/ (5.3¢)
0402277 0-14627j 0+13781j

Figure 5-1 shows a comparison of experimental, uncorrected and mode 1
corrected FRFs for our spatially incomplete beam using a 1 Hz frequency bandwidth
centered on Mode 1 and a frequency sampling consisting of 3 frequencies equally spaced

over the bandwidth. Figure 5-2 shows the results of including mode 1 and mode 2 in the
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frequency bandwidth [Q;, Q,]. As Figure 5-2 shows Equation 5.1 is not as accurate when
multiple frequencies are included in the bandwidth. Figure 5-3 is a comparison plot of the
experimental and analytic FRF versus the single mode matrix solution corrected FRFs over
25, 10, and 1 Hz bandwidths using a 3 point frequency sampling. Figure 5-3 shows that
the precedure is sensitive to the size of the bandwidth over which the solution is
computed, ie., better accuracy is achieved with smaller bandwidths. Figure 5-4 is a
comparison plot of the experimental and uncorrected analytic FRFs versus the single mode
matrix solution corrected FRFs computed over a 1 Hz bandwidth using frequency
samplings of 200, 50, 10, and 3 points equally spaced over the bandwidth. Figure 5-4

shows that the procedure is fairly insensitive to sampling frequency.

Figure 5-5 is a comparison plot of the experimental and analytic FRFs versus the
single mode solution corrected FRF for a 1 Hz bandwidth using a 3 point frequency
sampling in the case of a spatially complete beam. As Figure 5-5 shows the procedure is

exact for spatially complete systems.
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Figure 5- 1 Experimental and uncorrected Analytic FRFs vs single mode solution at

mode 1 corrected FRF using a 3 point frequency sampling of a 1 Hz bandwidth.
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Figure 5- 2 Experimental and uncorrected analytic FRFs vs single mode corrected FRF
using a 15 point frequency sampling of a bandwidth that includes modes 1 and 2.
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Figure 5- 3 Spatially incomplete experimental FRF vs single mode matrix solutions at

mode 1 using 3 point frequency samplings of 25, 10, and 1 Hz bandwidths.
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Figure 5- 4 Spatially incomplete experimental FRF vs single mode matrix solutions at

mode 1 using 3, 10, 50, and 200 point frequency samplings of a 1 Hz bandwidth.
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Figure §5- § Spatially complete experimental FRF vs single mode matrix solutions at

mode 1 using a 3 point frequency samplings of a 1 Hz bandwidth.
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B. SINGLE MODE INTEGRAL SOLUTIONS

In what follows we wish to employ the integral formulas of reference (5) to obtain
a results similar to that of Equation (5.2). To accomplish this we shall need to recast the

impedance equations of Chapter II in terms of velocity. We start with the equation of

motion of a general 2nd order linear system
Kx+Cx+ Mi= f

where

x = Xe’™
f = Fe™

If we differentiate Equation (5.4b) we get that
* = jQXe’™™ = jOx

hence

differentiating Equation (5.4b) twice we get that
i = jO(jQXe™) = jouk
substituting Equations (5.6 )and (5.7) into Equation (5.4a) we get
K i +Cx + M = f
JjQ
We can rewrite equation (5.8) as

(£+C+M9)x=f
JjQ

(5.42)

(5.4b)

(5.4¢)

3.5)

(5.6)

(5.7)

(5.8)

(5.9)

Following reference (5) we can take the Laplace transform of equation (5.9) and

thus write the impedance of the linear system in terms of the complex Laplace parameter s

as




K

Z(s) = M+C+? (5-10)

In reference (5) the impedance matrix of a general system is represented as an

infinite Laurent series about the orgin in powers of the complex Laplace parameter s as

Z(s) = Z 4,5" = Lim,_, (4,5 + +A4s+ 4, + A, l+' +A4_, i,,) (5.11)
s s

N=—c0

After defining a truncated Laurent series

Z(S)=A1S+A0+A_l-1—=ﬁ_{{s+6+£ (5.12)
s N

which approximates the impedance matrix, an error function E(s), and a cost J are defined
as

E(s) = Z(s)- Z(s) (5.13)
and

7= B -4 .14

where W(s) is a complex valued weighting function, the subscript E denotes the euclidian
norm of a matrix and the integration is performed over a prescribed path P in the compiex
plane. By setting the partial derivatives of J with respect to M,K , andC to zero the
authors of reference (5) obtained expressions for matrices M ,K, andC which
approximate the stiffness, mass and damping matrices about a mode of the system. The

expression for M ,K ,and C are as follows:

— 1 Nl F1
M= — [bjnz, QW (iQ)d - cd][ a Z,(iQ|w(iQ)|de
(5-15a)
=_1 : :
C= ;‘}ZR(zQ)|W(zQ)]dQ (5-15b)
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= 1 | %o i3 [
K=— . {c‘! QZ,(iQW (iQ)|d - an_! % (:Q)[W(zg)ldQJ
(5-15¢)
where
Q
a= j QiR (5-15d)
Q
%1
b= | |W(iQ)Q (5-15€)
Q Q
Q,
c= [wioa , (5-15%)
Z(iQ) = Z4(iQ) +iZ,(iQ) (5-15¢)

We will apply Equation (5.15) to AZ as defined by the SST and obtain
matrices AK ,AM , and AC which will serve as correction matrices of the FRF of the

system about a given mode of the system.

As an example, let us use Equation (5.15) to compute the (1,1) element of the
correction matrix AC at mode 1 (©,=25.21 Hz) for our spatially incomplete system. We
take the weighting function to be W(i€2)=1/(i€)) , the path P is taken to be along the
imaginary axis from 155.30 rads/sec to 161.58 rads/sec.

To compute this line integral we shall use the trapezoid rule with a three point
frequency sampling

E = {15530rads / sec,158.44rads / sec,161.58rads / sec} (5.16)

of the straight line path P (sampling frequency of = rads/sec). We first compute the value
of the constant a of Equation (5.15d). Using vector notation we have that
Q(E) = [155.30rads / sec,158.44rads / sec,161.587ads / sec] (5.17a)
and
W(E) =[0 - 0.0064 j sec/ rads,0 — 0.0063 sec/ rads,0 ~ 0.0062 jsec/ rads]  (5.17b)
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hence the integrand is the vector
Q*(B)-|W(5)| =[15530,158.44,161.58] (5.18)

Using the trapezoid rule to compute the integral, we have that

161.58
a= j QEW(E)de=2 (5-522 +158.44 + l%ﬁ) = 995.56 mdSZe 2 (5.19)

2
b=.00000158 sec’/rads’ and c=0.0397 are computed in a similar manner.

To actually compute the matrix AC ,we use the SST to compute the matrices
AZ(155.30 rads/sec), AZ(155.44 rads/sec), and AZ(161.58 rads/sec) for the points of the
frequency sampling of the straight line path P. Using Equation (2.26) the matrix
AZ(155.30 rads/sec) is seen to be

(0.64E-9)+0.02j (-0.04£-8)-0.04j (0.03E-7)+0.01j
AZ(1554470d5/ )= |(-0.4E-8)~004] (-04E-9)-0.04j (025E~7)-010; oy

(03E-8)+001j (025E-7)-010j (-0.24E-7)+015)
(5.20)

The integral in Equation (5.15b) is computed on an element by element basis. For
the (1,1) element of Equation (5.15b), if we collect the (1,1) elements of the matrices
AZ(155.30 rads/sec), AZ(155.44 rads/sec), and AZ(161.58 rads/sec) and use the
weighting vector given in Equation (5.17b) the integrand of Equation (5.15b) is the vector

AZ (@)W (=) =[0.0064 0.040 -0848[0.64 063 0.62)(E-9)"¥/ sec

rads

(5.212)

AZE(E)W(E) = [00041 02885 0.0036)E-9)"/ sec/ (5.21b)
Computing the integral we have

AC(L1) = %:I : AZ (R (S)d = 0’01397 ’2’(0'02041 +0.2885 + 9'9;—36-)(19 -9/

(5.22a)

AC(L1) = 002326 -6/ (5.22b)

Performing the above procedures for the remaining elements of Equation (5.15b) we get
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00232 —0.0443  0.0300
AT =|-0.0443 01278 -0.0914 (E-6)"/  (5.23)
0.0300 -0.0914 0.0645

In a similar manner we have

—-0.0001 -0.0001 0.0002
AM =|-0.0001 0.0015 -0.0020 [/bm (5.23b)
0.0002 -0.0020 0.0027

-6.0476  4.5347  3.6757
AR =| 45347 512196 -717061|%/ (5.23¢)

3.6757 -71.7061 85.4417
Figure 5-6 is a comparison plot of experimental and uncorrected analytic FRFs
versus single mode integral solutions at mode 1 using a frequency sampling of 3 points
equally spaced over bandwidths of 25, 10, and 1 Hz. As with the matrix solutions, the
integral solutions are sensitive to the length of the bandwidth over which the solutions are
computed with smaller bandwidths yielding more accurate solutions. Figure 5-7 is a
comparison plot of experimental and uncorrected analytic FRFs versus single mode
integral solutions at mode 1 over a 1 Hz bandwidth using frequency samplings of 3,10,50,
and 200 points from the bandwidth. As with the matrix solutions, the integral solutions are

also insensitive to the sampling frequency.

Figures 5-8, 5-9, and 5-10 are comparison plots of matrix and integral solutions at
mode 1 computed over 25, 10, and 1 Hz bandwidths respectively, using three point
frequency samplings. These three plots show that for these frequency sampling, the matrix
solutions are more accurate than the integral solutions. We must note that we have used
the trapezoid rule for computation of the integrals. It is expected that better accuracy
would be achieved from the integral solutions if a higher order integration method such as

Simpson's rule were used.
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Figure 5- 6 Spatially incomplete experimental FRF vs single mode integral solutions at
mode 1 using 3 point frequency samplings of 235, 10, and 1 Hz bandwidths.
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Figure 5-7 Spatially incomplete experimental FRF vs single mode integral solutions at
mode 1 using 3, 10, 50, and 200 point frequency samplings of a 1 Hz bandwidth.
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Figure 5- 8 Experimental FRF vs single mode integral and matrix solutions at mode 1

using a 25 Hz bandwidth with a 3 point frequency sampling.
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Figure 5- 9 Experimental FRF vs single mode integral and matrix solutions at mode 1

using a 10 Hz bandwidth with a 3 point frequency sampling.
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Figure 5- 10 Experimental FRF vs single mode integral and matrix solutions at mode 1

using a 1 Hz bandwidth with a 3 point frequency sampling.
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VI. MULTIPLE MODE SOLUTIONS

A. MULTIPLE MODE MATRIX SOLUTIONS

We wish to extend the results of Chapter V to multiple modes of the system under
consideration. To accomplish this we shall simply extend Equation (5.1) over multiple
frequency samplings. For a set of system modes {;, ,...,0n}, let E(w)={Qi,
Qi,...,Qu} be a frequency sampling of a bandwidth [Q;,Q;,] about a; for i=1,2,...,n. We
shall apply Equation (2.30) to the frequency sampling

= &) (6.1)

which is the set theoretic union of the sets E(«w;) for i=1,2,...,n. If, for simplicy, we restrict

[1]

ourselves to equally sized frequency samplings we obtain a set on nk equation in three

unknowns

az,(Q,)] [1 -9 jeuI]
: : : P AKT
AZ(Q,) |=|1 -2 jo,I)|AM: 6.2)
: P N P-on
_AZC(an)_ _I "Q;z:kl ankI_
oK
One can solve Equation (6.2) for | AM; | as we have done in Chapter V using the
ACE

familiar MATLAB puedoinverse function but better results are obtained if we weight the
equations as discussed in [Ref. 6]. A good weighting is to assign the weight ; to those
equations associated with the frequency sampling Z(a). Alternately we could assign the
weight 1/w; to those equations associated with the frequency sampling =(c). The o
weighting results in the solution being more accurate at the lower modes while the 1/w;

weighting gives better accuracy at the higher modes.

We note that the solution to Equation (6.2) approximately corrects the analytic
FRF in the sense of Equation (5.1) when the matrices AZ(2;) as given by Equation (2.26),
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are computed over a 'good' error set, Cr. In general, due to the smearing that occurs
during reduction of the full analytic system to the reduced analytic system, the set Ce is
not the same set as the intersection of the spatially complete error set and the A set. It is in
general a larger set than this intersection and the size is a function of the type of error, i.e.,
mass, damping, or stiffness error and the locations of the errors. Figure 6-1 is a
comparison plot of experimental and uncorrected analytic FRFs versus the multiple mode
matrix solution corrected FRF with the solution having been computed over modes 1 and
2 using a 1 Hz bandwidth about each mode with a 3 point frequency sampling over the
bandwidth at each of the modes. Figure 6-2 is a comparison plot using a matrix solution
computed over mode 1 through 4 again using a 1 Hz bandwidth about each mode with a 3

point frequency sampling over the bandwidth at each of the modes.
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Figure 6- 1 Experimental FRF vs multiple mode matrix solutions at modes 1 and 2 using
a 1 Hz bandwidth with a 3 point frequency samplings at each mode.
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Figure 6- 2 Experimental FRF vs multiple mode matrix solutions at modes 1 through 4
using a 1 Hz bandwidth with a 3 point frequency samplings at each mode.




B. MULTIPLE MODE INTEGRAL SOLUTIONS

We wish to extend single mode integral solutions to multiple modes of the system.
As with the multiple mode matrix solutions we simply take as the path of integration a
path which is the set theoretic union of suitable paths at each of the modes under
consideration. As with the matrix solutions one can chose the weighting function W(s) to
be 1/(Q) or Q to achieve lower or higher mode accuracy. As stated in the previous section
it is required that a 'good' error set is known. Figure 6-3 is a comparison of experimental
and uncorrected FRF versus multiple mode integral solution corrected FRF with the
solution having been computed over modes 1 and 2 using a 1 Hz bandwidth at each mode
with a 3 point frequency sampling over the bandwidth at each of the modes. Figure 6-4 is
a comparison using a solution computed over mode 1 through 4 again using a 1 Hz
bandwidth at each mode with a 3 point frequency sampling over the bandwidth at each of
the modes. Figure 6-5 is a comparison plot of the multiple mode matrix and integral
solutions over modes 1 through mode 4 using a 1 Hz bandwidth at each mode with a 3

point frequency sampling over the bandwidth at each of the modes.
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Figure 6- 3 Experimental FRF vs multiple mode integral solutions at modes 1 and 2 using
a 1 Hz bandwidth with a 3 point frequency samplings at each mode. |
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Figure 6- 4 Experimental FRF vs multiple mode integral solution at modes 1 through 4
using a 1 Hz bandwidth with a 3 point frequency samplings at each mode.
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Figure 6- S Experimental FRF vs multiple mode matrix and integral solutions at modes 1

and 2 using a 1 Hz bandwidth with a 3 point frequency samplings at each mode.
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C. SINGLE POINT MULTIPLE MODE SOLUTIONS

The results of sections A and B can be performed using partitions consisting of a
single point. Figure 6-6 shows the results of performing a multiple mode matrix solution
over the first three modes of our spatially incomplete beam using a single point partition at
each of the modes under consideration. Figure 6-7 shows the results of performing a
multiple point integral solution over the first three modes of our spatially incomplete beam
using a single point partition at each of the modes under consideration. Figure 6-8
compares the multiple mode matrix and integral solution computed over the first three
modes of our spatially incomplete beam with the analytic FRF. In figure 6-9 we compare a
multiple mode matrix solution computed over the first three modes of a spatially complete
beam using a single point partition at each of the modes with the beam's spatially complete
analytic FRF. In figure 6-10 we compare a multiple mode integral solution computed over
the first three modes of a spatially complete beam using a single point partition at each of
the modes with the beam's spatially complete analytic FRF. Figure 6-11 compares multiple
mode matrix and intgral solution computed over the first three modes of a spatially
complete beam with the beam's spatially complete analytic FRF. Figures 6-9 and 6-10

show that the single point multiple mode solutions are exact.
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Figure 6- 6 Experimental FRF vs multiple mode matrix solution computed at modes 1
through 3 using a 1 Hz bandwidth with a single point frequency samplings at each mode

for a spatially incomplete beam.
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Figure 6- 7 Experimental FRF vs multiple mode integral solution computed at modes 1
through 3 using a 1 Hz bandwidth with a single point frequency samplings at each mode

for a spatially incomplete beam.
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Figure 6- 8 Experimental FRF vs multiple mode matrix and integral solutions computed at
modes 1 through 3 using a 1 Hz bandwidth with single point frequency samplings at each

mode for a spatially incomplete beam.
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Figure 6- 9 Experimental FRF vs multiple mode matrix solution computed at modes 1
through 3 using a 1 Hz bandwidth with a single point frequency samplings at each mode
for a spatially complete beam.
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Figure 6- 10 Experimental FRF vs multiple mode integral solution computed at modes 1
through 3 using a 1 Hz bandwidth with a single point frequency samplings at each mode
for a spatially complete beam.
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Figure 6- 11 Experimental FRF vs multiple mode matrix and integral solution computed
at modes 1 through 3 using a 1 Hz bandwidth with a single point frequency samplings at

each mode for a spatially complete beam.
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for a spatially complete beam.
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VII. CONCLUSIONS / RECOMMENDATIONS

A. SUMMARY

Frequency Domain Structural Identification using the structural synthesis
transformation was performed on a simulated experimental free-free beam model. The
identification was performed for both the spatially complete and the spatially incomplete

case.

o SST based structural identification provides an exact solution for the
identification of FE modeling errors given spatially complete data.

* For spatially incomplete systems SST based structural identification provides
a frequency dependent solution which is not suitable for finite element modeling error

correcting.

¢ Using both matrix and integral based techniques the SST can provide single
mode solutions which are frequency independent correction matrices AK, AM, AC
which approximately corrects the reduced FE model within a ﬁ'equency bandwidth of

the expenmental system mode under consideration.

B. CONCLUSIONS

This thesis has clearly demonstrated that for spatially incomplete systems, single
mode frequency independent solutions can be found which correct the reduced finite
element model in a neighborhood of a given mode of the experimental system. It has also
been shown that the concept of a single mode solution can be expanded to that of multiple
mode solutions which are frequency independent correction matrices which approximately
corrects the reduced FE model throughout a frequency bandwidth which includes more

than 1 mode of the experimental system.

C. RECOMMENDATION

The purpose of this thesis was to find frequency independent multiple mode

solutions which could be used to approximately correct reduced finite element models.
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Although satisfactory results were obtained, investigation is still required in the following
areas:

eDetermine the relationship between errors in a full FE model and those of an

associated reduced FE model.

eDetermine a method to 'pullback’ reduced FE model correction to full order

FE model corrections.

eInvestigate use of the integral formulation of reference (5) in analysis of the O-
set system.
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APPENDIX

The following is a brief description of MATLAB routines employed in this thesis:

*SSTM - Generates MAT files containing spatially complete or spatially incomplete
experimental FRF, analytic FRF, localization matrix, and SST solutions. \

«PLOTSST.M - Uses files produced by SST.M to generate plots used in chapters 3 and 4.

«CHAP3M - Sets parameters and calls SST.M and PLOTSST.M to generate figures for
chapter 3. _

«CHAP4M - Sets parameters and calls SST.M and PLOTSST.M to generate figures for
chapter 4.

«CHAP5.M - Generate figures for chapter 5.
«CHAP6.M - Generate figures for chapter 6.

«SETUP.M - Generates MAT files for FE models.

*BEAMMDL.M - Setup FE models.

°FSTATIC.M - Perform static reduction of mass and stiffness matrices.
*FIRS TAMM - Perform IRS reduction of mass and stiffness matrices.
FREQMODE.M - Returns FE model frequencies.

*NDX3D.M - Indexes a series of 2-D matrices into a single 3-D matrix.

<INTSUB.M - Decomposes impedarice matrix into mass, stiffness, and damping matrices using
integral techniques.

*MYTRAP.M - Computes integrals using trapezoidal method
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SST.M

%0%%%%%%6%6% % %% % % %% %% % %% %% %% %% % Y% %% % %% %% % %%
%%%%%General setup%%%%%%%%%%%%%%%%%%%%%

Y6%% %% %%6%%% %% %% %% %% % %% %% % Y% % % %% % % %% %% % %% %
clear;clc ;%%clear workspace.

closeall ;%close any open figure windows

Esart-1)
load sstconf ;%load A-set and O-set
aset(oset)=[];
aset_size=length(aset),
oset_size=length(oset);
load beamdata
if length(oset)== 0
complete=1;
else
complete=0;,
end

Y%setup plot labels%%%%%%%%%%%%%% %% %% %% %% % Y% % %% % %% YoY% % %Y 6%%%
if (oset==[])&(posofMasserr(1 ~=0)&(posofStifferr(] r=0)
casename=('Spatially Complete Mass & Stiffness error');
elseif (oset==[])&(posofMasserr(1 ~=0)
casename=("Spatially Complete Mass error');
elseif (oset==[])&(posofStiflerr(1)~=0)
casename=('Spatially Complete Stiftuess error'),
elseif (posofMasserr(1)~=0)&(posofStifferr(1)~=0)
casename=("Spatially nComplete Mass & Stiflness error'),
elseif (posofMasserr(1)}~=0)
casename=('Spatially InComplete Mass error’),
elseif (posofStifferr(1)~=0)
casename=("Spatially mComplete Stiffuess error’),
end

%%get reduced A set & O set frequencies%%%%%%%%%%%%%

kexto=k_anal(oset,oset); %% stiflness
mexto=m_anal(oset,oset); %% and mass matrices
if complete
kstat=k_anal;
mstat=m_anal;
else
if static == 0
[kstat,mstat]=fstatic(k_anal,m_anal,oset,aset),%% get reduced K & M
elseif static ==
{kstat,mstat]=firs_tam(k_anal,m_anal,oset,aset);%% get reduced K & M

else
kstat=k_anal(aset,aset);
mstat=m_anal(aset,aset);
end
end

cstat=sqrt(-1)*struc_damping.*kstat;
{u,lambdaa,c]=freqmode(k_anal,m_anal) ;%get freqs
[u,Jambdared,c]=freqmode(kstat,mstat) ;%

[v,Jambdax c]=freqmode(k_exp,m_exp) %
[u,lambdaexto,c]=freqmode(kexto,mext0);%
omegaa=sqrt(lambdaa);

omegax=sqrt(lambdax);

omegared=sqrt(lambdared);
omegaexto=sqrt(lambdaexto),

fori=1:4 % this to delete fixed body modes
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il real(omegax(1)) < 107(-3)
omegax=omegax(2:length(omegax));
end
if real(omegaa(1)) < 107(-3)
omegaa=omegaa(2:length(omegaa));
end
if complete==0
if real(omegared(1)) < 107(-3)
0megared=omegared(2:length(omegared));
end
if real(omegaexto(1)) < 107(-3) :
omegaexio=omegaexto(2:length(omegaexto)),
end
end
end

%%%%%find true mass and stiffness errors%%%%%%%%% %% %% %% %% %%
true_stiffness=k_exp-k_anal;
stiffness_cset=fmd(diag(tme_stiﬁ"ness));
true_mass=m_exp-m_anal;
mass_cset=find(diag(true_nass));
true_damping=c_exp-c_anal; _
damping_cset=fmd(diag(true__dmnping));
if length(mass_cset) > 0

for i=1:length(mass_cset)

x=fmd(stiffuess_cset==mass_cset(i));

if ~(length(x) > 0)
stiffness_cset=[stiffness_cset; mass_cset(i)];
end
end
end

if length(damping_cset) > 0
for i=1:length(damping_cset)
x=ﬁnd(stifﬁless_cset==damping__cset(i));

if ~(length(x) > 0)
stiffness_cset=[stiffness_cset; damping_cset(i)];
end
end
end

true_cset=sort(stiffness_cset)

save true_errs true_cset true_mass true_stiffness true_damping

clear true_mass true_stiffness true_damping

clear area eeii force g gc gex gk gkx gm gmx goble goblex goblk goblkx

clear gobim goblmx ke lambdaa lambdaexto lambdared lambdax lumpdamp
clear lumpmass lumpspring me pho posofDamperr posofMasserr posofStifferr
clear stiffness cset

%%%setup frequency range for analysis%%%%%2 0%%%%%% %% %% % % %% % %% % % % %% % % %%
freqtop=omegax(highmode)+. 1 *omegax(highmode);

freqbottom=omegax(lowmode)-.1 *omegax(lowmode);

freqbottom=10*2*pi; Y%start at 10 iz

freqtop=1200*2*pi; %end at 1200 hz

%%number of points to plot

numpoints=400,%%%%%SET NUMBER OF POINTS TO USE FOR THE SIMULATION
{ineness=numpoints;

w=freqboltom:(freqtop—freqbottom)/(numpoints—1 )-freqtop;

%%Locate C set%%%%%%%%% %% 0%0%0 %% % %% %6 %6 %6 %% %% %% % %% %% %% %0 0%%%%%%%%%%%
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keepgoing=1' ;
wireg=omegax(lownode) ;
nextmode=lowmode;
tol=1 ;
defaultstepsize=.1;
while (keepgoing=="n")
z_anal_red=kstat+j*wfreq*cstat-wireq"2 *mstat ;
h_anal_red=inv(z_anal_red) ;
z_exp=k_exptj*wireq*c_ exp-wfreq"z*m exp ;
h_exp=inv(z_exp) ;
h_exp=h_exp(aset,aset)
L=z_anal_red*(h_anal_red-h exp)*z anal_red ;
ci=find(abs(diag(L))>tol) ;
temp_cset_size=length(ci),
if length(ci) >= 1
cset_size=length(ci) ;
figure(1)
plot(aset, abs(dla (L)) ;
hold on
plot(aset(ci),zeros(1,length(ci)),'x)
tallest=max(abs(diag(L))) ;
title(['TOL = ' num?2str(tol),' Cset size = ',int2str(cset_size),' Omega = ' num2st(wireq/(2*pi)),' Hz'])
ylabel('Ibf/in") '
if complete
xlabel('DOF")
else
xlabel'ASET DOF")
end
hold off
k=menu( ' Choose an action ',
Increase Tolerance ',...
Decrease Tolerance’,...
Tncrease frequency ',...
Decrease frequency ',...

' Previous mode ...

' NextMode ...
'Set Print switch on',...
! Increase stepsize ',...
' Decrease stepsize ',...
' Go %
ifk==
stepsize=defaultstepsize;
ctr=0;,
while length(ci) >= temp_cset_size
ctr=ctr+i;
if ctr==10
stepsize=stepsize*10;
ctr=0;
end

tol=min(abs(tol+stepsize*(tol)),tallest) ;
ci=find(abs(diag(L))>tol) 5
if length(ci)>= 1
cset_size=length(ci) ;)
figure(1)
plot(aset, abs(diag(L))) ;
hold on
plot(aset(ci),zeros(1,length(ci)),'x")
tallest=max(abs(diag(L))) ;
title({'TOL = ",num2str(tol),' Cset size = ‘,int2str(cset_size),' Omega = num2str(wireq/(2*pi)), Hz'])
ylabel('Ibf/in")
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if complete
xlabel('DOF")
else
xlabel('ASET DOF")
185 end
hold off
end
end
elseif k==
190 stepsize=defaultstepsize;
ctr=0;
while length(ci) <= temp_cset_size
ctr=ctr+1;
if ctr==10;
195 stepsize=stepsize*2;
ctr=0;
end
tol=max(abs(tol-stepsize*(tol)),.00001) ;
ci=find(abs(diag(L))>tol) )
200 if length(ci) >= 1
cset_size=length(ci) ;
figure(1)
plot(aset, abs(diag(L))) ;
hold on
205 ' - plot(aset(ci),zeros(1,length(ci)),'x")
tallest=max(abs(diag(L))) ;
title([TOL = ',num2str(tol),' Cset size = int2str(cset_size),' Omega = ‘;num2str(wireq/(2*pi)),’
Hz])

ylabel('Ibf/in')
10 if complete
xlabel('DOF")
else
xlabel('ASET DOF")
end
15 hold off
end
end
elseif k==
while length(ci) == temp_cset_size
20 witeq=min(wfreq+.00001 *(freqtop-wireq),freqtop);
z_anal_red=kstat+j*w(count)*cstat-wireq"2*mstat ;
I_anal_red=inv(z_anal_red) ]
z_exp=k_expH*wireq*c e‘(p-wtreq"Z*m _exp ;
h_exp=inv(z_exp) ;
25 h_exp=h_exp(aset,aset)
L=z anal _red*(h_anal red-h exp)*z anal_red ;
taIlest“nnx(abs(dza,,(L))) ;
tol=min(tol+.001*tallest tallest) ;
ci=find(abs(diag (L))>tol) )
30 cset_size=length(ci) ;
figure(1)
plot(aset, abs(diag(L))) ;
hold on
plot(aset(ci),zeros(1,length(ci)),x")
35 title([TOL = ',num2str(tol),’ Cset size = ',int2str(cset_size),' Omega = ';num2str(wireq/(2*pi)),' Hz)
ylabel('lbf/in")
if complete
xlabel('DOF")

else
0 xlabel('ASET DOF)
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! end
hold off
end

elseif k==4
wireq=max(wfreq-.05*(wireq-fregbottom), freqbottom),

elseif k==5
nextmode=max(lowmode,nextmode-1);
wireqg=omegax(nextmode),

elseif k==6
nextmode=min(highmode, nextmode+1);
wireg=omegax(nextmode),

elseif k==
pswitch="y' ;
elseif k==8
defaultstepsize=defaultstepsize/10;
elseif k==
defaultstepsize=defaultstepsize*10;
else
keepgoing=y' :
cset=aset(ci);
cset_rel=ci ;
end
else -
tol=tol*.9;
end
end
close(1)

save extrtset cset cset_rel
%% %%%%%%%%% %% %% %% %% % % %% %% % Y6 % %% % % Yo% % %% % % %% Y% Yo% % % % Ve %% %% Y% Yo% % % %
%%% .
%%6%%%%%%%%%%%%6%%%%FORCE THE CSET%%%%%%%%%%%%%Y%%%Y%%%%% %% % %% %% % %%
Yocset=[7 9 11 13] %%%%%%%%THE INCOMPLETE CASE CSET%%%%%%%%%%%%
Yocset_rel=[4 5 6 7]%%%%%%%%6%%%%% %% %% %% %% %% % % %% % %% % % % % % % %% Y% %6 % %%
%6%%%%%%%%6%%%%%%%%%% %% %% %% %% %% %% % %% Yo% % %6 % %% %Yo % %% % %% % % Y % %% %6 % % % % %
%%%
%cset=[4 56 7 8 9 10 11]%%%%%%%%%%%%%THE COMPLETE CASE CSET%%%
Yocset_rel=[4 56 7 8 9 10 11]%%%%%6%%%6%%%%%%%%6%%% %% %% %% %% %% %% %% %%
%6%%%6% %% %%%% %% %% %% %% % %% % %% % % % %6 % % %% % % %% Yo% % Yo % Y% % % % Y% Y% % % Yo% e Y% % Yo% %
%%%
cset_size=length(cset),
saveLL .
clear L
clear kexta kexto mexta mexto
pack
skyfull=zeros(numdof,numdof);
count=1 ; '
for index1=1:numdof
for index2=index1:numdof
skyfull(index1,index2 y=count;
skyfull(index2,index1 )=count;

count=count+1;
end
end
skyred=zeros(aset_size,aset_size),
count=1

for index1=1:aset_size
for index2=index1:aset_size
skyred(index1,index2 )=count;
skyred(index2,index1)=count;
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count=count+1;
end
end
skycset=zeros(cset_size,cset_size),
count=1 ;
for index1=1:cset_size
for index2=index1:cset_size
skycset(index1,index2 )=count;
skycsel(index2,index1)=count;
count=count+1;
end
end

full_holder=zeros(1,(numdof*(numdof+1))/2),
red_holder=zeros(1,(aset_size*(aset_size+1))/2),
cset_holder=zeros(1,(cset_size*(cset_size+1))/2);

if meters
waitbar_handle=waitbar(0,'Computing Experimental FRF"),
else
disp('Getting experimental FRF")
end
H_EXP=[],
for count=1:numpoints
if meters
waitbar(count/numpoints),
end
z_exp=k_exp+j*w(count)*c_exp-w(county*2*m_exp;
h_exp=inv(z_exp);
h_exp=h_exp(aset,aset),
skyindex=1;
for index1=1:aset_size
for index2=index1:aset_size
red_holder(skyindex)=h_exp(index1,index2);
skyindex=skyindex+1;
end
end
H_EXP=[H_EXP red_holderT;
end
if meters
close(waitbar_handie)
end
save H EXP H EXP
clear H EXP
pack

if meters

waitbar_handle=waitbar(0,'Computing Experimental Impedence');
else .

disp(‘Getting experimental Impedence')
end
Z_EXP=[],
for count=1:numpoints
if meters

waitbar(count/numpoints),

end
z_exp=k_exp+j*w(count)*c_exp-w(count)*2*m_exp;
h_exp=inv(z_exp),
h_exp=h_exp(aset,aset);
z_exp=inv(h_exp);
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skyindex=1 ;
for index1=1:aset_size
for index2=index1:aset_size
red_holder(skyindex)=z_exp(index1 ,index2),
skyindex=skyindex+1;
end
end
Z_EXP=[Z_EXP red_holder];
end :
if meters
close(waitbar_handle)
end
save Z_EXP Z _EXP
clear Z EXP
pack

if meters
Waitbar_handle=waitba:(O,'Computing Reduced Analytic FRF'),
else
disp('Getting Reduced FRF")
end
H_ANAL_RED={];
for count=1:numpoints
if meters
waitbar(count/numpoints);
end
z_anal_red=Kkstat+j*w(count)*cstat-w(count)"2 *mstat;
h_anal_red=inv(z_anal_red);
skyindex=1 ;
for indexI=1:aset_size
for index2=index1:aset_size
red_holder(skyindex)=h_anal_red(index!,index2 )
skyindex=skyindex+1;
end
end
H_ANAL_RED=[H_ANAL_RED red_holder’];
end
if meters
close(waitbar_handle)
end
save H ANAL R H ANAL_RED
clear Z ANAL_RED H_ANAL_RED kexta kexto mexta mexto
pack

%% compute and save L matrix diagonal as a function of frequency%%%%%%%%
if meters
waitbar_handle=waitbar(0,'Computing L Diagonals'),
else
disp(‘'Getting L Matrix")
end
L_DIAGS=[],
for count=1:numpoints
if meters
waitbar(count/numpoints);
end
z_anal=k_anal+j*w(count)*c_anal-w(count)"2 *m_anal,
z_anal_red=kstat+j*w(count)*cstat-w(count)*2 *mstat
h_anal_red=inv(z_anal_red);
zZ_exp=k_exp+j*c_exp-w(count)*2*m_exp;
h_exp=inv(z_exp),
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h_exp=h_exp(aset,aset);
L=z_anal_red*(h_anal_red-h_exp)*z_anal_red;
temp_1_diags=diag(L);
L_DIAGS=[L_DIAGS temp_]_diags(:)];
425 end
if meters
close(waitbar_handle)
end
save L_DIAGS I,_DIAGS
430 clear L_DIAGS z_anal temp_I_diags L
clearz_expz_anal_reduv h_exp h_anal_red
pack

if meters
435 waitbar_handle=waitbar(0, Computing Z Analytic',
else -
disp(‘'Getting Z anal’)
end
Z_ANAL~[};
440 for count=1:numpoints
if meters
waitbar(count/numpoints),
end
z_anal=k_anal+j*w(count)*c_anal-w(count)"2*m_anal,
445 skyindex=1 ;
for index1=1:numdof
for index2=index1:numdof
full_holder(skyindex)=z_anal(index1,index2),
skyindex=skyindex+1;
450 end
end
Z_ANAL=[Z_ANAL full_holder];
end
if meters
455 close(waitbar_handle)
end
save Z_ANAL Z ANAL
clear Z_ANAL z_anal
pack
60 if meters
waitbar_handle=waitbar(0, Computing Reduced Z Analytic');
else
disp('Getting Reduced Z anal')
end
65  Z_ANAL_RED=[];
for count=1:numpoints
if meters
waitbar(count/numpoints);
end .
70 z_anal_red=kstat+j*w(count)*cstat-w(count)*2 *mstat;
skyindex=1
for index1=1:aset_size
for index2=index1:aset_size
red_holder(skyindex)=z_anal_red(index1,index2);

75 skyindex=skyindex+1;
end
end
Z_ANAL_RED=[Z_ANAL RED red_holder;
end

0 if meters
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close(waitbar_handle)
end
save Z_ANAL_R Z_ANAL_RED
clear Z ANAL_RED z_anal_red
485 pack

%% Y%compute DZ%%%%%%%%%%%% %% % %% %% % %% %% Y% % %% % % %% %% % Yo% % %% %% % % %% %%
if meters
waitbar_handle=waitbar(0, Computing DZ..."),
490 else
disp('Getting DZ")
end
DZ=[];
for count=1:numpoints
495 if meters
waitbar(count/numpoints),
end
z_anal_red=kstat+j*w(count)*cstat-w(count)*2*mstat;
h_anal _red=inv(z_anal_red),
500 z_exp=k_exp+j*w(count)*c_exp-w(county*2*m_exp;
h_exp=inv(z_exp);
h_exp=h_exp(aset,aset);
hacc=h_anal_red(cset_rel,cset_rel),
hxce=h_exp(cset_rel,cset_rel);
505 dz=inv(inv(inv(hacc)*(hacc-hxcc)*inv(hacc))-hacc);
skyindex=1 ;
for index1=1:cset_size
for index2=index1:cset_size
cset_holder(skyindex)=dz(index1,index2);

510 skyindex=skyindex+1;
end
end
DZ=[DZ cset_holder?,
end

515 if meters
close(waitbar_handle)
end
save DZ DZ
clear hacc hxce dz h_exp z_anal_red h_anal_redz_exp
520  pack

%%%decompose DZ into DM, DK, & DC%%%%%%%%%%%%%%%%%%%% %% %% %% %% % Y% %% % %% % %%
if meters
waitbar_handle=waitbar(0,Decomposing DZ...");
525 else
disp('‘Decomposing DZ)
end
DK=(];
DM=[];
530 DC=[},
dz1=zeros(cset_size,cset_size),
dz2=zeros(cset_size,cset_size),
dz3=zeros(cset_size,cset_size);
for i=1:numpoints-2
535 if meters
waitbar(i/(numpoints-2))
end
dztemp=DZ(ndx3d([1 cset_size*(csel_size+1)/2 numpoints],1,1:cset_size*(cset_size+1)/2,1));
skyindex=1;
540 for index1=1:cset_size
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for index2=index1:cset_size
dzl(index1,index2 y=dztemp(skyindex),
dzl(index2,index1)=dztemp(skyindex);
skymndex=skyindex+1;

545 end
end
dztemp=DZ(ndx3d([1 cset_size*(cset_size+1)/2 numpoinis], 1, 1:cset_size*(cset_size+1)/2,i+1)),
skyindex=1;
for index1=1:cset_size
550 for index2=index1:cset_size

dz2(index1,index2y=dztemp(skyindex);
dz2(index2 index1)=dztemp(skyindex),
skyindex=skyindex+1;
end
5655 end
dztemp=DZ(ndx3d([1 cset_size*(cset_size+1)/2 numpoints}],1,1:cset_size*(cset_size+1)/2,i+2));
skyindex=1;
for index1=1:cset_size
for index2=index1:cset_size
560 dz3(index1,index2)=dztemp(skyindex);
dz3(index2,index1 y=dztemp(skyindex),
skyindex=skyindex+1; :
end
end .
565 temp=[eye(cset_size) -w(i)"2*eye(cset_size) +j*w(i)*eye(cset_size),
eye(cset_size) -w(i+1)"2*eye(cset_size) +j*w(i+1)*eye(cset_size);
eye(cset_size) -w(i+2)"2*eye(cset_size) +j*w(i+2)*eye( cset_size)|\[dz1;dz2;dz3];
ktemp=temp(1:cset_size,:);
mtemp=temp(cset_sizet+1:2*cset_size,’),
570 ctemp=temp(2*cset_sizet+1:3*cset_size,:);

skyindex=1 ;
for index1=1:cset_size
for index2=index1:cset_size

575 cset_holder(skyindex)=ktemp(index1,index2);
skyindex=skyindex+1;
end
end
DK=[DK cset_holder(:)];
80
skyindex=1 ;
for index1=1:cset_size
for index2=index1:cset_size .
cset_holder(skyindex)=mtemp(index1,index2);
85 skyindex=skyindex+1;

end
end
DM=[DM cset_holder(:)];

90 skyindex=1 ;
for index1=1:cset_size
for index2=index1:cset_size
cset_holder(skyindex)=ctemp(index1,index2);
skyindex=skyindex+1;
95 end
end
DC=[DC cset_holder(:)};
end
if meters
0 close(waitbar_handle)
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end
save DM DM

save DK DK

save DC DC

clear DC DK DM

save exp ¢_exp k_exp m_exp
clear c_exp k_exp m_exp

save stat kstat mstat cstat

clear kstat mstat cstat

save anal k_anal m_anal ¢_anal
clear k_anal m_anal ¢_anal
pack

if complete
load Z_ ANAL
Z=7_ANAL;
clear Z ANAL
else
load Z_ANAL_R
Z=Z_ANAL RED;
clear Z_ ANAL_RED
end :
CORRHA=[J;
tempza=zeros(aset_size,aset_size);
tempz=ieros(cset_sizc,cset__size);
if meters
waitbar_handle=waitbar(0, Installing DZ...");
else
disp('Installing DZ")
end
for i=1:numpoints
if meters
waitbar(i/numpoints)
end

ztemp=Z(ndx3d([1 aset_size*(aset_size+1)/2 (numpoints-(i-1))],1,1:aset_size*(aset_size+1)/2,1 »;

skyindex=1;
for index1=1:aset_size
for index2=index1:aset_size
tempza(index1,index2 y=ztemp(skyindex);
tempza(index2,index1)=ztemp(skyindex);
skyindex=skyindex+1;
end
end
Z( =,
ztemp=DZ(ndx3d([1 cset_size*(cset_size+1)/2 (numpoints-(i-1 Nl
skyindex=1;
for index1=1:cset_size
for index2=index1:cset_size
tempz(index1,index2 y=ztemp(skyindex);
tempz(index2,index1 y=ztemp(skyindex),
skyindex=skyindex+1;
end
end
tempza(cset_rel,cset_rel)=tempza(cset_rel,cset_rel Ftempz;
DZ(:,1)={;
tempha=inv(tempza);
CORRHA=[CORRHA tempha(:)];
end
if meters
close(waitbar_handle)
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end

clearDZ Z ,

save CORRHA CORRHA

clear CORRHA
665

- load DK;

load DM,
load DC;

670 load stat
CORRHAD=[];
tempza=zeros(aset_size,aset_size);
tempz=zeros(cset_size,cset_size);
tempk=zeros(cset_size,cset_size);

675 tempm=zeros(cset_size,cset_size),
tempc=zeros(cset_size,cset_size);
if meters

waitbar_handle=waitbar(0,Installing DK, DM, & DC...");
else

680 disp(Installing DK, DM, DC")
end
for i=I:numpoints-2

if meters
waitbar(i/(numpoints-2))

685 end

kcorrected=kstat;
mcorrected=mstat;
ccorrected=cstat;

690 temp=DK(ndx3d([1 cset_size*(cset_size+1)/2 (numpoints-(2))],1,1:cset_size*(cset_size+1)/2,1));
skyindex=1;
for index1=1:cset_size
for index2=index1:cset_size
tempk(index1,index2)=temp(skyindex),
95 tempk(index2,index1 )=temp(skyindex);
skyindex=skyindex+1;
end
end

00 DK, 1=}
temp=DM(ndx3d([1 cset_size*(cset_size+1)/2 (aumpoints-(2))],1,1:cset_size*(cset_size+1)/2,1)),;
skyindex=1;
for index1=1:cset_size
for index2=index1:cset_size
05 tempm(index1,index2 )=temp(skyindex);
tempm(index2,index1)=temp(skyindex);
skyindex=skyindex+1;

end
end
10
DM(:, 1=},
temp=DC(ndx3d([1 cset_size*(cset_size+1)/2 (numpoints-(2))],1,1:cset_size*(cset_size+1 )¥2,1)),
skyindex=1;
for index1=1:cset_size
5 for index2=index1:cset_size
tempe(index1,index2 y=temp(skyindex),
tempe(index2,index1)=temp(skyindex);
skyindex=skyindex+1;
end
0 end
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DCG,1=[);
keorrected(cset_rel,cset_rel Y=kcorrected(cset_rel,cset_rel y+tempk;
mcorrected(cset_rel,cset_rel)=mcorrected(cset_rel,cset_rel)+lempm;
ccorrected(cset_rel,cset_rel)=ccorrected(cset_rel,cset_rel Fempc;
725
tempza=kcorrected+j*w(i+1)*ccorrected-w(i+1)"2*meorrected;
tempha=inv(tempza),
CORRHAD=[CORRHAD tempha(:)];
end
730 if meters
close(waitbar_handle)
end
clear tempk tempm tempc tempza tempha
clear kcorrected mcorrected ccorrected
735 save CORRHAD CORRHAD
clear CORRHAD DK DM DC

%%%save the
Workspace%%%%%%%%%%%% %% %% %% % %% %% % %% % %% % % % % % %% %% %o 0%%%%%%%% %%
740 save INT

745
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clear
closeall
load INT
titles=0;
if pswitch==
whitebg(‘white")
close
end
h=0;
if complete
fignum=1;
else
fignum=21;
end
%% write frequencies and system diag to diary file prt.out%%%%%%0%%%%%%%%%%%
if exist('fig000.out") .
delete fig000.out
end
diary fig000.out
fprintf’ W)
fprintf’ o)
fprintf(‘'A set\n')
for index=1:length(aset)
fprintf([blanks(4-length(intZstr(aset(index)))),int2str(aset(index))])
if rem(index,12)==
fprintf("\n')
end
end
fprintf("\n')
fprintf"\n")
fprintf{'O set\n')
for index=1:length(oset)
fprintf{{ [blanks(4-length(iut2stt(oset(index)))),intzstr(oset(index))])
if rem(index, 12y==0
fprintf("\n')
end
end
fprintf("w’)
{printf("\n")
{printf('Computed C set\n')
for index=1:length(cset)
fprintf([blanks(4-length(int2slr(cset(index)))),hltZSLr(cset(mdex))])
if rem(index, 12 y==0
{printf"\n")
end
end
fprintf("\n’)
fprintf("\n")
fprintf{'True C set\w)
for index=1:length(true_cset)
fprintf{ [blanks(4-length(int2su(true__cset(index)))),inash'(true_cset( index))])
if rem(index,12)==0
fprintf("\n")
end
end
fprintf("wr’)
fprintf("\n")
bigger=max(length(omegaa),length(omegax));
if complete
allfregs={ ...
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[omegaa/(2*pi), zeros(bigger-length(omegaa),1)] ...
[omegax/(2*pi), zeros(bigger-length(omegax),1)] ...

else
allfreqs=[ ...
[omegaa/(2*pi), zeros(bigger-length(omegaa),1) ...
[omegax/(2*pi); zeros(bigger-length( omegax),1) ..
[omegared/(2*pi), zeros(bigger-length(omegared),1) | ...
[omegaexto/(2*pi); zeros(bigger-length(omegaexto),1)]...

end

[aaa bbb]=size(allfreqs);

fprintf('System Frequencies (Hz)\n')

if complete
fprintf"  Anal Exp\n')
bbb=2; .
else
fprintf' Anal Exp Red Osef\n')
bbb=4; :
end
for index1=1:aaa
prtline=(];
for index2=1:bbb
if allfreqs(index1,index2 )==
prtfreq=' %
else

prifreq=[blanks(8-length(sprintf(*%4g'allfreqs(index1 Lindex2))),...
sprintf{(*%4g',allfreqs(index1,index2))];
end
prtline=([prtline, prtfreq];

end

prtline=[prtline, \n'];

fprintf(prtline)
end
diary off
Yodos(‘type fig000.out > Iptl &),
xx=omegax(find(omegaa(lowmode) <= omegax & omegax <= omegaa(highmode)))/(2*pi);
yx1=ones(length(xx),1);
aa=omegaa(find(omegaa(lowmode) <= omegaa & omegaa <= omegaa(highmode)))/(2*pi),
yal=ones(length(aa),1),
red=omegared(find(omegaa(lowmode) <= omegared & omegared <= omegaa(higlmode)))/(2*pi);
yredl=ones(length(red),1);
exto=omegaexto(find(omegaa(lowmode) <= omegaexto & omegaexto <= omegaa(highmode)))/(2*pi),
yextol=ones(length(exto),1),
if complete

x0=max([xx(length(xx)) aa(length(aa))]);
else

x0=max([xx(length(xx)) aa(length(aa)) red(length(red)) exto(length(exto))]);
end
clear omegax omegaa omegared omegaexto
clear L Z_ANAL c_anal ¢_exp conn h_exp h_anal_red k_anal k_exp
clear kexta kstat kexto m_anal m_exp mexto mstat temp_l_diags
if complete

mid_index=round(length(cset)2);
else

mid_index=round(length(cset)/2);
end
load H_ANAL R
load H_EXP
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h=figure(h+1);
fignum=fighum+1 -
plot(w/(2*pi),log1 O(abs(H_ANAL_RED(udx3d([1 aset_size*(aset_size+1)/2 numpoints),...
1 ,skyred(cset_rel(mid_index),cset_rel( mid_index)),")))).1—'...
w/(2*pi),log10(abs(H_EXP(ndx3d( (1 aset_size*(aset_size+1)/2 numpoints],...
1 ,skyred(cset_rel(mid_index),cset_rel(mid_iudex)),':')) ),b-)
V=axis;
ylabel(['H(’,int25tr(cset(mid_iudex)),',‘,mtzer(cset(mid_index)),') /bt (Log10 of)])
Xlabel('Omega (Hz))
if titles
title(‘Analytic FRF vs Experimental F RE")
end
hold on
if abs(v(4)-v(3)) <=1
v2(1)=v(1),
v2(2)=v(2),
V2(3)=v(3)-.1*abs(v(4));
V2(4)=v(4)+.1*abs(v(4));
axis(v2);
end
grid on
hh=slegend('ANALYTIC',’EXPERIMENTAL');
axes(hh),
hold off
if pswitch=="y'
prtfig(fignum)
delete(h)
end

clear H_ANAL_RED
clear H_EXP

if complete
h=figure(h+1),
fignum=fignum+1;
else
h=figure(h+2);
fignum=fignum+2;
end
load L
plot(aset,abs(diag(L)),aset,abs(diag(L)),*')
ylabel(' L(DOF) Ibf/in')
if complete
xlabel('DOF")
else
xlabel'ASET DOF")
end
grid on
if titles
title(['Localization Matrix Diagonal at Omega = ",num2str(wireq/(2*pi)), ' Hz']),
end
if pswitch=="
prtfig(fignum)
delete(h)
end
clear L

h=figure(h+1),
fignum=fignum+1;
load L_DIAGS
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mesh(w/(2*pi),aset,log10(abs(L_DIAGS)))
if titles

title('Frequency Dependence of Localization Matrix Diagonals')
end
xlabel('Omega (Hz))
ylabel('DOF")
zlabel(1(DOF, omega) lbffin (Logl0 of))
grid on
if pswitch==Y'

prtfig(fignum)

delete(h)
end

h=figure(h+1);
fignum=fignum+1;
subplot(2,1,1)
plo(w/(2*pi),log10(L_DIAGS(ndx3d([aset_size 1 numpoints],cset_rel(mid_index+2),1,%))))
ylabel([Error Coord L(,int2str(cset(mid_index+2 D.5\nt2str(cset(mid_index+2)),97)
if titles
title('Ibf/in (Log10 of)' ),
end
grid on
vi=axis;
subplot(2,1,2)

if length(cset_rel) < length(aset)
holdset=1:length(aset) ;
holdset(cset_rel)=[} ;
index=round(length(holdset)/2);

plot(w/(2*pi),log10(L_DIAGS(ndx3d(faset_size 1 numpoints}],holdset(index),1,"))))
ylabel(['Non-Error Coord L(',int2str(aset(holdset(index))),',‘,int2su(aset(holdset(index))),')‘])
if titles :
title(Frequency Dependence of L Matrix Non-Error set Diagonal Elements' )
end
v=axis;
hold on
v2(1)=v(1),
v2(2)=v(2),
V2(3y=v(3YH(v(4)-v(3))*. 5 )H(v1(4)-vI(3)*.5;
V2(4)=vEYH(V(4)-v(3))*.5 1+ (v1(4)-v1(3))*.5;
axis(v2),
grid on
end
xlabel('Omega (Hz))
hold off
if pswitch=="'
prifig(fignum)
delete(h)
end
clear L_DIAGS

load Z_ANAL R

load Z_EXP

h=figure(h+1);

fignum=fignum+1,

plot(w/(2*pi),log10(Z_ANAL_RED(ndx3d({1 aset_size*(asel_size+1)/2

numpoints], 1 ,skyred(cset_rel(mid_index),cset__rel(nﬁd_index)),':'))),'r—-',. .
wl(2*pi),Jog10(Z_EXP(ndx3d([1 aset_size*(aset_size+1)/2

numpoints],1,skyred( csel_rel(mid_index),cset_rel(mid_index)),""))),b-.)
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xXlabel('Omega"2 (Hz))
ylabel([‘Z(',intZstr(cset(mid__index)),',',intZstr(cset(mid_index)),’) 1b/in (Log10 of)7)
if titles
title('Analytic Impedance vs Experimental Impedance')
end
V=axis;
hold on
if abs(v(4)-v(3)) <= 1
v2(1)=v(1),
v2(2)=v(2);
v2(3)=v(3)-.1*abs(v(4)),
V2(4)=v(4)y+.1*abs(v(4));
axis(v2),
end
grid on
if complete==0
hh=slegend'ANALYTIC IMPEDANCE' 'EXPERIMENTAL IMPEDANCE");
else
hh=slegend'ANALYTIC IMPEDANCE' EXPERIMENTAL IMPEDANCE),
end
axes(hh) ;
hold off
if pswitch==Y'
prtfig(fignum)
delete(h)
end
clear Z ANAL RED Z _EXP

load true_errs
load DK
h=figure(h+1) ;
fignum=fignum+1 ;
if complete
plot(w(1:numpoints-2)/(2 *pi),DK(ndx34d([1 cset_size*(cset_size+1)/2 numpoints-2},1 »skycset(mid_index,mid_index),")),'r—
w(l:numpoints-2)/(2 *pi),true_stiﬂ‘ness(cset(mid_index),csct(mid_index)). *ones(1,numpoints-2),'b-.")
ylabel([’DK(',int2str(cset(mid_index)),',',int2str(csel(mid_index)),‘) 1bf/inT)
xXlabel('Omega (Hz))
else
plot(w( 1:numpoints-2 (2 *pi),log10( abs(DK(ndx3d([1 cset_size*(cset_size+1)/2 numpoints-
2],1 ,skycsel(mid_index,mid_index),':‘)))),'r—',. .
w(1:numpoints-2)/(2*pi),log1 O((true_stifﬁless(cset(mid_index),cset(mid_index)) == (0)t...
true_stiffness(cset(mid_index),cset( mid_index))). *ones( 1,numpoints-2),’b-.")
ylabel(['DK(',intzstt(cset(mid_index)),',‘,intZstr(cset(mid_index)),') 1bf/in (Log10 of)])
xlabel('Omega (Hz))
end
V=axis ;
if titles
title('Computed Stiffness Error vs True Stiffness Error’)
end
v2(1)=v(1),
v2(2)=v(2),
if complete
ifabs(v(4)-v(3))< 1
v2(3)=v(3)-100*abs(v(4)-v(3));

V2(4)=v(4)+100*abs(v(4)-v(3));
v(3)=v2(3),
v(4)=v2(4),

end
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if abs(true_stiffness(cset(mid_index),cset(mid_index)) - ¥(3)) < .25%abs(v(4)-v(3))
v2(3)=v(3)-.5%abs(v(4)-v(3)) ;
v2(4)=v(4),
elseif abs(true_stitﬁless(cset(mid_index),cset(mid_index)) - ¥(4)) < .25%abs(v(4)-v(3))
305 V2(4)=v(4)+.5*abs(v(4)-v(3)) ;
v2(3)=v(3),
else
v2(3)=v(3),
v2(4)=v(4),
310 end
else
if abs(log]O((Lrue_stiﬁ'ness(cset(mid_index),cset(mid_inde.\')) ==Q)t...
true_stiffness(cset(mid_index),cset(mid_index))) - v(3)) < .25*abs(v(4)-v(3))
v2(3)=v(3)-.5*abs(v(4)-v(3)) ;
315 v2(4)=v(4),
elseif abs(log10((true_stiffness(cset(mid_index),cset( mid_index)) == Q)+...
true_stiffness(cset(mid_index),cset(mid_index))) - v(4)) < .25*abs(v(4)-v(3))
v2(4)y=v(4)+.5*abs(v(4)-v(3)) ;
v2(3)=v(3),
320 else
v2(3)=v(3),
v2(4)=v(4),
end
end
325 axis(v2)
grid on
hh=slegend('COMPUTED STIFFNESS ERROR', TRUE STIFFNESS ERROR);
axes(hh) ;
if pswitch=="y'
330 prtfig(fignum)
delete(h)
end
clear DK
load DM
335 h=figure(lr+1) ;
fighum=fignum+1 ;
if complete
plot(w(1:numpoints-2)/(2*pi),DM(ndx3d([1 cset_size*(cset_size+1)/2 numpoints-2],1,skycset(mid_index,mid_index),"")), 1~
340 w(1:numpoints-2 /(2 *pi),true_mass(cset(mid_index),cset(mid_index)). *ones(1 ,aumpoints-2),’b-.")
ylabel([DMC,int2str(cset(mid_index))," int2str(cset(mid_index)),") lbf-sec”2/in'l)
xlabel('Omega (Hz)")
else
plot(w(1:numpoints-2)/(2*pi),log10(abs(DM(ndx3d([1 cset_size*(cset_size+1)/2 numpoints-
345 2],1,skycset(mid_index,mid_index),"")))),1—,...
w(1:numpoints-2)/(2*pi),log10(...
(..
true_mass(cset(mid_index),cset(mid_index))==0 ...
Yrtrue_mass(cset(mid_index),cset(mid_index))...

350 )-*ones(1,numpoints-2),'b-.")
ylabel(['DM(',int25tr(cset(mid_h1dex)),',',int2slr(cset(mid_index)),') Ibf-sec”2/in (Log10 of)T)
xlabel('Omega (Hz))

end
V=axis,
355  iftitles
title('Computed Mass Error vs True Mass Error')
end
hold on
v2(1)=v(1),
360 v2(2)=v(2),
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if complete
if abs(v(4)-v(3))< 1
V2(3)=v(3)-10000*abs(v(4)-v(3)),
V2(4)=v(4)+10000*abs(v(4)-v(3)),
v(3)=v2(3),
v(4)=v2(4),
end
if abs(true_mass(cset(mid_index),cset(mid_index)) - v(3)) < .25*abs(v(4)-v(3))
V2(3)=v(3)-.5*abs(v(4)-v(3)),
v2(4)=v(4),
elseif abs(true__mass(cset(mid_index),cset(mid_index)) - v(4)) < .25%abs(v(4)-v(3))
V2(4)=v(4)+.5*abs(v(4)-v(3));
v2(3)=v(3),
else
v2(3)=v(3),
V2(4)=v(d),
end
else
if abs(loglO((tme__mass(cset(mid_index),cset(mid_mdex)) ==Q)+..,
true_mass(cset(mid_index),cset(mid_index))) - v(3)) < -25*abs(v(4)-v(3))
V2(3)=v(3)-.5*abs(v(4)-v(3)) ;
v2(4)=v(4),
© elseif abs(loglO((true_mass(cset(mid_mdex),cset(mid_index)) == Q)t...
true_mass(cset(mid_index),cset(mid_index))) - v(4)) < .25%abs(v(4)-v(3))
V2(4)=v(4)+.5*abs(v(4)-v(3)) ;
v2(3)=v(3),
else
v2(4)y=v(4),
v2(3)=v(3),
end
end
axis(v2)
grid on
hh=slegend('COMPUTED MASS ERROR', TRUE MASS ERROR);
axes(hh) ;
if pswitch=="y"
prtfig(fignum)
delete(h)
end
clear DM

>

load DC
h=figure(h+1);
fignum=fignum+1;
if complete
plot(w(1:numpoints-2)/(2*pi),imag(DC(ndx3d([ 1 cset_size*(cset_size+1)/2 numpoints-
2],1,skycset(mid_index,mid_index),"))),t-",
w(I:numpoints-2 )/(2*pi),imag(true
ylabel(['DC(',int2str(cset(mid_index)),',',intzs&(cset(mid_index)),') Ibf-sec/in])
xlabel('Omega (Hz))
else
plot(w(1:numpoints-2)/(2*pi),log1 Oabs(DC(ndx3d([1 cset_size*(cset_size+1)/2 numpoints-
2],1 sskycset(mid_index,mid_index),"))),r—,...
w(1:numpoints-2)/(2*pi),log10(abs(...
(

true_damping(cset(mid_index),cset(mid_index)) == 0 ...
ttrue_damping(cset(mid_index),cset(mid_index))...
)-*ones(1,numpoints-2)),b-.")
ylabel({DC(,int2str{cset(mid_index) ', int2str(cset(mid_index)),") Ibf-sec/in (Log10 of)])
xlabel('Omega (Hz))

_damping(cset(mid_index),cset(mid_index)). *ones(1,numpoints-2)),'b-.")
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end
v=axis,
if titles
title(Computed Damping Error vs True Damping Error')
425 end
v2(1)=v(1),
v2(2)=v(2);
if complete
if abs(v(4)-v(3)) < 1
430 v2(3)=v(3)-100*abs(v(4)-v(3));
v2(4)=v(4)+100*abs(v(4)-v(3));
v(3)=v2(3),
v(4)y=v2(4);
end
435 if abs(true_damping(cset(mid_index),cset(mid_index)) - v(3)) < .25*abs(v(4)-v(3))
V2(3)=v(3)-.25*abs(v(4)-v(3)) ;
v2(4)=v(4),
elseif abs(true_damping(cset(mid_index),cset(mid_index)) - v(4 )) <.25%abs(v(4)-v(3))
v2(4)=v(4)+.25*abs(v(4)-v(3)) ;

440 v2(3)=v(3),
else
v2(3)=v(3),
V2(4)=v(d),
end
445 else

if abs(log10((true_damping(cset(mid_index),cset(mid_index)) ==
true_damping(cset(mid_index),cset(mid_index))) - v(3)) < l*abs(v(4 »v(3))
V2(3)=(v(3)-25*abs(v(4)-v(3))) ;
v2(4)=v(4),

450 elseif abs(log10((true_damping(cset(mid_index),cset(mid_index)) ==
true_damping(cset(mid_index),cset(mid_index))) - v(4)) < .1*abs(v(4)-v(3))
v2(4)=(v(4)+.25%abs(v(4)-v(3))) ;
v2(3)=v(3),

else
455 v2(3)=v(3),
V2(4)=v(4),
end
end
axis(v2),
460 grid on
hh=slegend(COMPUTED DAMPING ERROR', TRUE DAMPING ERROR');
axes(hh);
if pswitch=="
prifig(fignum)
465 delete(h)
end
clear DC true_damping true_mass true_stiffness

%6%%%%%% %% %% %% % %% %% %% %% %% %% %o %% %% % % Yo% %% Yo Yo Yo Yo Yo % %o Yo Yo% Yo% %% % % % Yo Yo Yo Yo% %
470 %%%%

load H_EXP

load CORRHA

Yfor mid_index=1:min(cset_size,multplot)
475 h=figure(h+1);

fignum=fignum+1;

plot(w/(2*pi),log10(abs(H_EXP(ndx3d([1 aset_size*(aset_size+1)/2

numpoints],1,skyred(cset_rel(mid_index),cset_rel(mid_index)),"")))),r--....

w/(2*pi),log10(abs(CORRHA(ndx3d([aset_size aset_size numpoints],cset _rel(mid_index),cset_rel(mid_index),""))),b-.")

480 ylabel([H(,int2str{cset(mid mdex)),,,mtzstr(cset(nud index)),) iv/ib{ (Log10 of)])
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xlabel('Omega (Hz))
if titles .
title(Experimental FRF vs DZ Corrected FRF')
end
485 grid on
v=axis;
hh=slegend(EXPERIMENTAL FRF','CORRECTED FRF);
axes(hh) ;
if pswitch=="y'
490 prtfig(fignum)
delete(h)
end

clear CORRHA

495  Joad CORRHAD
h=figure(h+1),
fignum=fignum+1,
plot(w/(2*pi),log10(abs(H_EXP(ndx3d([1 aset_size*(aset_sizet+1)/2
numpoints},1,skyred(cset_rel(mid_index),cset_rel(mid_index)),"")))),7—',...

500 w(1:numpoints-2)/(2*pi),log10(abs¢(CORRHAD(ndx3d([aset_size aset_size (numpoints-
2)],cset_rel(mid_index),cset_rel(mid_index),")))),’b-.") .
ylabel([H(,int2str(cset(mid_index)),."int2str(cset(mid_index)),") in/Ibf Logl0 of)7)
xlabel('Omega (Hz))
if titles

505 title(Experimental FRF vs DK/DM/DC Corrected FRF")
end
grid on
v=axis,
hh=slegend(EXPERIMENTAL FRF',CORRECTED ANALYTIC FRF');

510 axes(hh),
if pswitch==y'

prtfig(fignum)
delete(h)
end
515  clear CORRHAD

save plothum fignum
clear
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%%%%SSTCONF FILE FOR A SPATIALLY COMPLETE BEAM

beammdl ;%beammd] is a cantilevered 20 element beam model

Ysinundl ;%simmdl is a masses and springs model

pswitch='  ;%%do we print?

titles=1 ;%%display titles

meters=1 ;%use progress meters

whitebg('black’) ;%switch to black figure background

close

lowmode=1;

highmode=10;

static=1;%%%%%6%%%%%%%%reduction method 0=Guyan, 1=IRS,2=Extraction
%%define A set & O set%%%%%%%%%%%%%%%%6% %% %% %% %% %% %% % %% %% %
aset=1:numdof;

%oset=2:2:numdof; %%A SPATIALLY INCOMPLETE BEAM%%%%%%%%%%
Yooset=sort(oset); %% %%6%%%%% %% %% %% %% %% % %% % Y% %% % %% % %% %Yo % %% %%
oset=[]; %%%%A SPATIALLY COMPLETE BEAM%%%%%%%%%%%%%%%

save sstconf

sst
plotsst
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%%%%SSTCONF FILE FOR A SPATIALLY INCOMPLETE BEAM
beamindl ;%beammndl is a cantilevered 20 element beam model
Y%simmdl ;%simmdl is a masses and springs model
pswitch="n'  ;%%do we print?

5 titles=1 Y%%display titles

meters=1 ;Youse progress meters
whitebg(black’) ;%switch to black figure background
close

lowmode=1;

10 highmode=10;

static=1;%%%%%%%%%%%%%reduction method 0=Guyan,1=IRS,2=Extraction
%%define A set & O set%%%%6%% %% % %% %% %% %% % %% %% % %% % %% %% % %% %
aset=1numdof;

15 oset=2:2:numndof, %%A SPATIALLY INCOMPLETE BEAM%%%%%%%%%%
oset=sort(oset); %%%%%%%%%%%6%%%%%%% %% %% %% %0 %% %% %% %% %% %% %%

save sstconf
sst
20 plotsst

beammdl " %beammdl is a cantilevered 20 element beam model
Y%simmdl ;%simmdl is a masses and springs model
pswitch="n'  ;%%do we print?

25 titles=1 ;%%display titles

meters=1 ;%use progress meters
whitebg(‘black’) ;%switch to black figure background
close

lowmode=1;

30  highmode=10;

%%define A set & O set%%%%%%%%6%% %% %6 %% %% %% %% %% % %6 %% %% %% %% Y%
aset=1:numdof;
oset=2:2:numdof; %%A SPATIALLY INCOMPLETE BEAM%%%%%%%%%%

35 oset=sort(oset), %%%%6%%%%%%% %% %% %%6%%6% %% %% %% %Y % %% %% % %% % %%

static=2;
save sstconf
dofigd 3
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Y%6%% %% %% Y% % %% % %% %o %6 %o %% % %% % % %% % % %% %% Yo% Yo Yo% % % YoY% % %Y % %YoV Yo% YoY% 0% %%
%%% %% %% %% %% % :

%%% COMPARE SINGLE MODE MATRIX AND INTEGRAL %%%%%%%%%%%% %% %% %% % %% Y% %% %% %%
%%% SOLUTIONS UNDER VARIOUS CONDITIONS  %%%%%%%%%%%%%%% %% %% %%%%%%%%%

Y6%% %% %% %% %% %% %% Yo% Yo Yo% %% %% %% % %% %% %% % Yo% % % % %o % %o Yo% %% %% %Y YoY% Y% %% % %%
8100%%%%%%%%%%

clear

closeall

load INT

whitebg(‘white")

clear L Z_ANAL c_anal c_exp conn h_exp h_anal_red k_anal k_exp

clear kexta kexto m_anal m_exp mexta mext0 temp_I_diags

clear true_damping true_mass true_stiffness z_anal z_anal_red Z_exp

clear L Z_ANAL c_anal ¢_exp conn h_exp h_anal_red k_anal

clear kexta kexto m_anal mexta mext0 temp_|_diags

load H_EXP

load exp

cset=[579111315]

cset_rel=[34567 8]

cset_size=length(cset)

mid_index=round(length(cset)/2);

fineness=200

ODZ1={},

templ=[],

odfreg=omegax(1),

center_freq=odfreq/(2*pi)

wl=odfreq;

odlength=2*pi;

odivisions=2;

lowerfreq=odfreg-15*odlength

upperfreq=odfreq+25*odlength

owl=odfreq-.5*odlength:odlength/odivisions:odfreq+.5*odlengtly,

partition=ow1/(2*pi)

df=(odlength/odivisions)/(2*pi)

for count=1:length(ow1)
z_anal_red=kstat-ow1(count)"2*mstat;
h_anal_red=inv(z_anal_red);
z_exp=k_exp+j*owl(count)*c_exp-owl(count)*2*m_exp;
h_exp=inv(z_exp);
h_exp=h_exp(aset,aset);
hacc=h_anal_red(cset_rel,cset_rel);
hxce=h_exp(cset_rel,cset_rel),

=inv(inv(inv(hacc)*(hacc-hxcc)*inv(hacc))-hacc);

ODZ1=[0ODZ1; dz};
templ=[templ; eye(cset_size) -owl(count)"2*eye(cset_size) +j*owl( count)*eye(cset_size)],

end

Y%theleftdz=0DZ1

%thebigone=templ

DKDMDC1=temp1\ODZ1;
ODK1=DKDMDCI(1:cset_size,:)
ODMI1=DKDMDCl(cset_size+1:2*cset_size,:)
ODC1=DKDMDC1(2*cset_size+1:3*cset_size,:)
save ODM1 ODM1 DKDMDCI1 ODZ1 owl wl
save ODK1 ODK1

save ODC1 ODCI1

O/ b L4 ¢t L 0 b p 1y
P4(% JL AN S0 T A St B

load stat;

106




CHAP5.M

odcorrha={J,
w=lowerfreq:(upperfreq-lowerfreq)/fineness:upperfreq;
numpoints=length(w),
kcorrected=kstat;
65 mceorrected=mstat;
ccorrected=cstat;
kcorrected(cset_rel,cset_rel)=kcorrected(cset_rel,cset_rel)*ODKI;
mcorrected(cset_rel,cset_rel)=mcorrected(cset_rel,cset_rel)}+ODM]1;
ceorrected(cset_rel,cset_rel)=ccorrected(cset_rel,cset_rel}+ODCI;
70 for i=1:nunpoints
tempza=kcorrected+j*w(i)*ccorrected-w(i)2 *mcorrected;
tempha=inv(tempza),
odcorrha=[odcorrha tempha(:)];
end
75
uncorrha={};
for i=1:numpoints
tempza=kstat-+j*w(i)*cstat-w(i)*2*mstat;
tempha=inv(tempza),
80 uncorrha=[uncorrha tempha(:)};
end

if meters
waitbar_handle=waitbar(0,'Computing Experimental FRF");
85 else
disp('Getting experimental FRF")
end
H_EXP=[];
for count=1:length(w)
90 if meters
waitbar(count/length(w));
end
z_exp=k_exp+j*w(count)*c_exp-w(count)*2*m_exp;
h_exp=inv(z_exp),
95 h_exp=h_exp(aset,aset),
skyindex=1;
for index1=1:aset_size
for index2=index1:aset_size
red_holder(skyindex)=h_exp(index1,index2);
100 skyindex=skyindex+1;
end
end .
H_EXP=[H_EXP red_holder];
end
05 if meters
close(waitbar_handle)
end
clear tempha tempza kcorrected mcorrected ccorrected

10 figure(1),
plot(w/(2*pi),log10(abs(H_EXP(ndx3d([1 aset_size*(aset_size+1)/2 numpoints},...

1,skyred(cset_rel(mid_index),cset_rel(mid_index)),*)))),r-,...
w/(2*pi),log10(abs(odcorrha(ndx3d([aset_size aset_size numpoints],cset_rel(mid_index),cset_rel(mid_index),")))),’g,...

w/(2*pi),log10(abs(uncorrha(ndx3d([aset_size aset_size utunpoints],cset_re1(mid_index),cset_rel(mid_index),‘:')))),’b:')
ylabel([‘H(',hltZstr(cset(mid_index)),‘,‘,int2str(cset(mid_index)),‘} n/1bf (log10 of)])

0  xlabel('Omega (Hz))
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Yetitle('Single Mode Corrected FRF (Mode 1) ')
grid .
hh=slegend(Experimental FRF', Mode 1 Corrected FRF ", ‘Uncorrected Analytic FRF'");

axes(hh)
print -dmfile fig5_1

0/0/0/0/0/.0/.0/.0/.0/.0/0/0/.0/.0/0/0/0. 0,0/0/0/0/0/0/0/.0/.0/0/.0/.0/.0/.0/0/0/0/0. 0,/0/0/0/0/0/.0/0/0/.0/.0/.0/.0/.0/0/0/0/0/0/0 0/.0/.0/.0/.
7070/7070/070/070707067070/0707070 0/7070/70707070/070/0707070707070707/0 0/0/70707070707070707070707070707/070 0/70/70/0/70707070

%% % DRIOMPIBBYDZ into DM, DK, & DC  %%%%%%% 0%%%%%%%%Y%6%% %% %% % %% % % % %% % %% %
%%% USING MATRIX TECHNIQUE Y%0%%%%6%% %% %% % %% % %% %Yo %% % %% % %% Yo% % % % % %%
%%6%%%%%%% %% %Y 6%%%0%%%% %Yo % %% %% %% %% % %% % % % %% % Y% 0%%6%%%%%%%% %% %% %% %%
UOEN4Y:% %% %% %%

templ=f];

odlength=2*pi;

owl=omegax(1)-5*odlength:(omegax(2)-omegax(1)+1 0*odlength)/14:omegax(2 y+5*odlength;

for count=1:length(ow1)
z_anal_red=kstat-ow1(count)*2*mstat;
h_anal_red=inv(z_anal_red),
z_exp=k_exp+j*owl(count)*c_exp-owl(count)*2*m_exp;
h_exp=inv(z_exp),
h_exp=h_exp(aset,aset);
hacc=h_anal_red(cset_rel,cset_rel);
hxce=h_exp(cset_rel,cset_rel),
dz=inv(inv(inv(bacc)*(hacc-hxcc)*inv(hacc))-hacc),
ODZ1=[{ODZ1, dz},
templ=[temp]l; eye(cset_size) -owl(count)*2*eye(cset_size) +j *owl(count)*eye(cset_size)];

end

DKDMDCl=temp1\ODZ1;
ODKI1=DKDMDCI(l:cset_size,:);
ODM1=DKDMDC](cset_size+1:2*cset_size,:) ;
ODC1=DKDMDC1(2*cset_size+1:3*cset_size,:);
save ODM1 ODM1 DKDMDC1 ODZ1 owl wi
save ODK1 ODK 1

save ODC1 ODC1

N%%%%% %% %% % %% %% %% %% %% %% Y% %% %% % %% % %% %Yl 0%%%%%%%% %% %% % %% %% % %% % %%
$68d%14%6% %% %% %%
odcorrha=[};
w=omegax(1)-15*pi:(omegax(2)-omegax(1+35*pi)/! fineness:omegax(2 +20*pi;
numpoints=length(w),
kcorrected=kstat;
meorrected=mstat;
ccorrected=cstat;
keorrected(cset_rel,cset_rel)=kcorrected( cset_rel,cset_rel+ODKI;
moorrected(cset_rel,cset_rel)=mcorrected(cset_rel,cset_rel+ODM1 ;
ceorrected(cset_rel,cset_rel)=ccorrected(cset_rel,cset_rel+ODCI;
for i=1:numpoints
tempza=kcorrected-+j*w(i)*ccorrected-w(i)*2 *mcorrected,
tempha=inv(tempza),
odcorrha=[odcorrha tempha(:)];
end

uncorrha=[];

for i=1:numpoints
tempza=kstat+j*w(i)*cstat-w(i)"2 *mstat;
tempha=inv(tempza),
uncorrha={uncorrha tempha(:)];
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end !

if meters
waitbar_handle=waitbar(0, Computing Experimental FRF"),
185 else
disp('Getting experimental FRF)
end
H_EXP=[];
for count=1:length(w)
190 if meters
waitbar(count/length(w));
end
zZ_exp=k_exp+j*w(count)*c_exp-w(count)*2 *m_exp;,
h_exp=inv(z_exp),
195 h_exp=h_exp(aset,aset);
skyindex=1;
for index1=1:aset_size
for index2=index1:aset_size
red_holder(skyindex)=h_exp(index1,index2);
200 skyindex=skyindex-+1;
end
end
H_EXP=[H_EXP red_holder];
end
205 if meters
close(waitbar_handle)
end
clear tempha tempza kcorrected meorrected ccorrected

210 figure(2),
plot(w/(2*pi),log10(abs(H_EXP(ndx3d( [1 aset_size*(aset_size+1)/2 numpoints],...

l,sl\yred(cset_rel(mid_index),cset__rel(mid__index)),':')))),'r-',...
w/(2*pi),log10(abs(odcorrha(ndx3d([aset_size aset_size numpoinls],cset_rel(mid_index),cset_rel(mid_iudex),':‘)))),’g-',...

w/(2*pi),log10(abs(uncorrha(ndx3d( [aset_size aset_size numpoiuls],cset_rel(mid_iudex),cset_rel(mid__indcx),‘:')))),'b:')

ylabel( ['H(',i11t2str(cset(mid_index)),’,‘,intzstx(cset(mid_index)),’) in/1bf (log10 of)])

20 xlabel('Omega (Hz))
etitle('Single Mode Corrected FRF (Mode 1)) ‘
grid . !
hh=slegend(Experimental FRF, 'Single Mode Corrected FRF', ‘Uncorrected Analytic FRF"), i

25 axes(hh)
print -dmfile fig5_2

%% %% %% %% %% %Y0% %% % %% % %% % %% %% % % 0%9%6%%%% %% %% % %% %% %% %% %% % %% %% %% %% Y%
Y6%%%LABEHUHOIE into ODM, ODK, & ODC %%%%%%% % %% % %% %% 6%%%%%%%%%% %% %%

30 0/0/0/0/.0/.0/.0/.0/.0/.0/.0/0/0, 0/0/0/0/0/0/.0/0/.0/0/0/0/.0, 0/.0/0/0/.0/0/.0/.0/0/.0/0/0/0/0/0 0/0/0/0/.0/.0/0/0/0/0/0/0/0/0/0/0/0, 0/ 0,
07070/07070707070/0707/07/070/070 /06707070 0/0/0/70/70707070/0767/0707/07070707070 070707070/070707070/0707/07070 707070707070

WWMW%Wquower&eq)/ﬁneness:upperfreq; :
lenctrl=[25 10 1],

odivisions=3;
for ind=1:length(lenctrl)
35 odlength=lenctrl(ind)*2*pi;
ODZ=],
temp=[];
ow=odfreq-.5*odlength:odlength/odivisions:od&eq+.S*O(Hength;
for count=1:length(ow)
0 z_anal_red=kstat-ow(county*2*mstat;

({]
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h_anal_red=inv(z_anal_red),
z_exp=k_exp+j*ow(count)*c_exp-ow(count)*2*m_exp;

h_exp=inv(z_exp), ’

h_exp=h_exp(aset,aset);

hacc=h_anal_red(cset_rel,cset_rel);

Ixce=h_exp(cset_rel,cset_rel);

dz=inv(inv(inv(hacc)*(hacc-hxce)*inv(hacc))-hacc);

ODZ=[ODZ; dz],

temp={temp; eye(cset_size) -ow(count)*2*eye(cset_size) +j*ow(count)*eye(cset_size)];

end

DKDMDC=temp\ODZ;
ODK=DKDMDC(1:cset_size,);
ODM=DKDMDC(cset_size+1:2*cset_size;’) ;
ODC=DKDMDC(2*cset_size+1:3*cset_size,:);
clear hacc hxce h_exp z_exp z_anal_red h_anal_red dz
save ODM ODM DKDMDC ODZ ow
save ODK ODK
save ODC ODC
%%%%%6%%% %% %% % %% %% %% %% %696 %% %% % % % % % % %2 0%0%%%%% %% %% %% %% %% %% %% % %% %%
%0606 %% %%
waitbar_handle=waitbar(0, Computing Experimental FRF’),
else
disp('Getting experimental FRF")
end
H_EXP=[},
for count=1:length(plotw)
if meters
waitbar(count/length(plotw));
end
z_exp=k_exp+j*plotw(count)*c_exp-plotw(count)*2*m_exp;
h_exp=inv(z_exp),
h_exp=h_exp(aset,aset),
skyindex=1;
for index1=1:aset_size
for index2=index1:aset_size
red_holder(skyindex)=h_exp(index1,index2);
skyindex=skyindex+1;
end
end
H_EXP={H_EXP red_holder’;
end
if meters
close(waitbar_handle)
end

odcorrha={};
keorrected=kstat;
mcorrected=mstat;
ccorrected=cstat;
keorrected(cset_rel,cset_rel)=kcorrected(cset_rel,cset_rel}+ODK;
mcorrected(cset_rel,cset_rel)=mcorrected(cset_rel,cset_rel}+ODM;
ceorrected(cset_rel,cset_rel)y=ccorrected(cset_rel,cset_rel}HODC;
for i=1:length(plotw)
tempza=kcorrected+j*plotw(i)*ccorrected-plotw(i)*2 *mcorrected;
tempha=inv(tempza),
odcorrha=[odcorrha tempha(:)];
end
if ind==
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plotl=odcorrha;
elseif ind==
plot2=odcorrha;
elseif ind==3
305 plot3=odcorrha;
else
plotd=odcorrha;
end
end
310
figure(3),
plot(plotw/(2*pi),log10(abs(H_EXP(ndx3d([1 aset_size*(aset_size+1)/2 length(plotw)],...

1 ,skyred(cset__re1(mid_index),cset_rel(mid__index)),':')))),'r-’,. .
315 plotw/(2*pi), log10(abs(plot1(ndx3d([aset_size asel_size length(plolw)],cset_rel(mid_index),cset_rel(mid_index),‘:’)))),‘g—
plotw/(2*pi), log10(abs(plot2(ndx3d([aset_size aset_size
length(plotw)] ,cset_rel(mid__hldex),cset_rel(mid_index),':')))),’b;',4 .
plotw/(2*pi), log10(abs(plot3(ndx3d( [aset_size aset_size length(plotw)],cset_rel( mid_index),cset_rel( mid_index),"")))),k-.")

ylabel(['H(',intZstr(cset(mid_index)),‘,',intZstr(cset(mid_hldex)),') /1bf (log10 of)7)

xlabel('Omega (Hz)")
grid on
325 %title(EXPERMENTAL FRF AND CORRECTED FRFS USING MODE 5 SOLUTIONS")
hh=legend('Exp FRF", ...
[num2str(lenctrl(1)),' Hz Bandwidth Corrected FRF T, ..
[num2str(lenctrl(2)),' Hz Bandwidth Corrected FRF 1, ...
[num2str(lenctrl(3)),' Hz Bandwidth Corrected FRFY));
330 axes(hh)
print -dmfile fig5_3

odlength=1*2*pi,
countetrl=[3 10 50 200] ;
335 for ind=1:length(countctrl)
odivisions=countctrl(ind)-1;
ODZ=(};
temp=J,
ow=odfreq—.5*odlength:odlength/odivisions:odfreq+.5*odlength;
340 for count=1:length(ow)
z_anal_red=kstat-ow(count)*2*mstat;
h_anal_red=inv(z_anal red);
z_exp=k_exp+j*ow(count)*c_exp-ow(count)*2 *m_exp;
h_exp=inv(z_exp),
345 h_exp=h_exp(aset,aset);
hacc=h_anal_red(cset_rel,cset_rel),
hxce=h_exp(cset_rel,cset_rel),
dz=inv(inv(inv(hacc)*(hacc-hxcc)*inv(hacc))-hacc);
ODZ=[ODZ; dzJ,
50  temp=[temp; eye(cset_size) -ow(count)"2*eye(cset_size) +j *ow(count)*eye(cset_size)];

end

DKDMDC=temp\ODZ;

55 ODK=DKDMDC(1:cset_size,:) ;
ODM=DKDMDC(cset_size+1:2*cset_size,) ;
ODC=DKDMDC(2*cset_size+1:3*cset_size,’);
clear hacc hxcc h_exp z_exp z_anal_red h_anal red dz
save ODM ODM DKDMDC ODZ ow

60 save ODK ODK
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save ODC ODC
%%6%% %% %% %% %% % %% %% % %Y 0%0%%%%% %6 %% Yo% % % % % % % %% %% %% % Yo% % % Y% Y% YoY%l 6%%% %%
%%%
odcorrha=[];
kcorrected=kstat;
mcorrected=mstat;
ccorrected=cstat;
keorrected(cset_rel,cset_rel)=kcorrected( cset_rel,cset_rel+ODK;
mcorrected(cse t_rel,cset_rel)=mcorrected(cset_rel,cset_rel)+ODM;
ceorrected(cset_rel,cset_rel }=ccorrected( cset_rel cset_rel +ODC;
for i=1:length(plotw)
tempza=kcorrected+j*plotw(i)*ccorrected-plotw(i Y 2*mceorrected;
tempha=inv(tempza);
odcorrha=[odcorrha tempha(:)];
end
if ind==
plot1=odcorrha;
elseif ind==2
plot2=odcorrha;
elseif ind==
plot3=odcorrha;
else
plotd=odcorrha;
end
end

figure(4),
plot(plotw/(2*pi),log10(abs(H_EXP(ndx3d([1 asel_size*(aset_size+1)/2 length(plotw)],...

1,skyred(cset_rel(mid_index),cset_rel(mid_index)),':')))),‘r-',...
plotw/(2*pi), log10(abs(plot1(ndx3d([aset_size aset_size length(plotw)],cset_i el(mid_index),cset_rel(mid_index),")))),'s—
plotw/(2*pi), log10(abs(plot2(ndx3d([aset_size aset_size
length(plotw)],cset_rel(mid_index),cset_rel( mid_index),"")))),b:,...
plotw/(2*pi), log10(abs(plot3(ndx3d([aset_size aset_size length(plotw)],cset__rel(mid_index),cset_rel( mid_index),"")))),%k-

'
iE]

) plotw/(2*pi), log10(abs(plotd(ndx3d(faset_size aset_size lcnglh(plolw)},cset__rel(mid_index),cset_rel(mid_index),':')))),’m:‘)
ylabel([H(',int2str(cset(mid_index) .5 Int2str(cset(mid_index)),") i/Ibf (log10 of)])

xlabel('Omega (Hz)")
grid on

- Yotitle(EXPERMENTAL FRF AND CORRECTED FRFS USING MODE 1 SOLUTIONS'")

hh=legend('Exp FRF', ...
[num2str(countctrl(1))," Pts Corrected FRFY, ...
[num2str(countctrl(2)), Pts Corrected FRFY, ...
[num2str(countetrl(3)),' Pts Corrected FRF1, ...
[num2str(countctrl(4)), Pts Corrected FRF']);

axes(hh)

print -dmfile fig5_4

0/.0/.0/.0/.0/.0/.0/.0/0/.0/.0/.0/0/.0, 0/.0/.0/0/0/0/0/.0/.0/.0/0/070/0/0, 0/0/0/0/.0/.0/.0/.0/.0/0/0/0/0/0/0/0, 0/.0,0/0/0/.0/.0/.0/.0/.0/.0/0/.0, (y(’/
070707070/07070707/0/0707/07/070 707070 0/0/0707070/070/0767/0707070 070707070707070707070 0/0707070707070707070707/0/070 /070

%% % PRIOMFRSYDZ into DM, DK, & DC %%%2 0%0%6%%%%6%%%%%% %% %% % %% Y% % % % %% %% Y% %% % Y%
%%% USING INTEGRAL TECHNIQUE  %%%%%%%%%%%%%% %% %0 0%%%6%% %% %% % %% %% %% % %% %%

0/.0/0/0/0/0/.0/.0/.0/.0/.0/.0/.0/0/.0/0/0/0 0/.0/.0/0/0/0/.0/.0/0/0/.0/0/0, 0/.0/0/.0/.0/.0/.0/.0/.0/.0, 0/0/0/0/.0/0/.0/.0/.0/.0/.0/.0/0/0/0/.0/.0/0/.0/.
070707070707070707/0707/0707070707/07/0 070/0707070707070707070707/070707/070 070/70/07070/0/07070707/07070/07070 0707070707070

Vo528 %6% %% %
Yeplotw=lowerfreq:dw:upperfreq;
lenctri=[25 10 1];

odivisions=3;

for ind=1:length(lenctrl)
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odlength=lenctrl(ind)*2*pi;

owl=odfreg-.5*odlen gth:odlength/(odivisions).odfreq+.5*odlength;

Wl=owl;

%%compute integrals  %%%%%%%%%%%%% %% % %% %% %% %6l 0%%%%%%%%%%%%

425 %weight=ones(size(owl))*(omegax(l));

weight=owl;

DZ_R=[];

DZ _I=[};

for count=1:length(ow1)

430 z_anal_red=kstat/(j*ow1(count))+j*ow1(count)*mstat;
h_anal_red=inv(z_anal_red),
z_exp=k_exp/(j*owl(count)y+c_exp/(j*owl (count)y+j*owl(count)*m_exp;
h_exp=inv(z_exp),
h_exp=h_exp(aset,aset),

435 hacc=h_anal_red(cset_rel,cset_rel);
hxee=h_exp(cset_rel,cset_rel);
dz=inv( inv(inv(hacc)*(hacc-hxcc)*inv(hacc))-hacc);
dz_r=real(dz),
dz_i=imag(dz),

440 DZ_R=[DZ R dz_x(2)];

DZ _1=[DZ Idz_i(:)];
end

[INTK INTM INTCJ=intsub(DZ_LDZ_R,owl,W1,1 f(G*owl)cset_size),

445 odcorrha=(J;
load stat
kcorrected=kstat;
mceorrected=mstat;
ccorrected=cstat;

450 kcorrected(cset_rel,cset_rel)=koorrected(cset_rel,cset_re1)+INT K
mcorrected(cset_re],cset_rel)=mcorrected(cset__rel,cset_rel)PINTM;
ccorrected(cset_rel,cset_rel)=ccorrected(cset_rel,cset_rel}HNT C;
for i=1:length(plotw)

tempza=kcorrected+j*plotw(i)*ccorrected-plotw(i)"2 *mcorrected,

55 tempha=inv(tempza),
odcorrha=fodcorrha tempha(:)];
end '
if ind==

intplot1=odcorrha;
0 save INTM1 INTM
save INTK1 INTK
save INTC1 INTC
elseif ind==2
intplot2=odcorrha;
65 save INTM2 INTM
save INTK2 INTK
save INTC2 INTC
elseif ind==
intplot3=odcorrha;
70 save INTM3 INTM
save INTK3 INTK
save INTC3 INTC
else
intplot4=odcorrha;
5 save INTM4 INTM
save INTK4 INTK
save INTC4 INTC
end

end
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if meters
waitbar_handle=waitbar(0,'Computing Experimental FRT");
else :
disp('Getting experimental FRF")
end
H_EXP=[];
for count=1:length(plotw)
if meters
waitbar(count/length(plotw)),
end
z_exp=k_exp+tj*plotw{count)*c_exp-plotw(count)"2*m_exp;
h_exp=inv(z_exp),
h_exp=h_exp(aset,aset);
skyindex=1;
for index1=1:aset_size
for index2=index1:aset_size
red_holder(skyindex)=h_exp(index1,index2};
skyindex=skyindex+1;
end
end
H_EXP=[H_EXP red_holder";
end
if meters
close(waitbar_handle)
end

figure(5),
plot(plotw/(2*pi),log10(abs(H_EXP(ndx3d([1 aset_size*(aset_size+1)/2 length(plotw)],...

1,skyred(cset_rel(mid_index),cset_rel(mid_index)),"")))), -,-..

plotw/(2*pi), log10(abs(intplot](ndx3d([aset_size aset_size
length(plotw)],cset_rel(mid_index),cset_rel(mid_index),"")))),'s—,...

plotw/(2*p1), log10(abs(intplot2(ndx3d([aset_size aset_size
length(plotw)],cset_rel(mid_index),cset_rel(mid_index),")))),b:,...

plotw/(2*pi), log10(abs(intplot3(ndx3d([aset_size aset_size
length(plotw)],cset_rel(mid_index),cset_rel(mid_index),"")))),k-.")
ylabel([H(',int2str(cset(mid_index)),",",int2str(cset(mid_index)),") in/Ibf (logl0 of)])

xlabel('Omega (Hz)")
grid on
%title(EXPERMENTAL FRF AND CORRECTED FRFS USING MODE 1 INT SOLUTIONS')
hh=legend('Exp FRY, ...
[num2str(lenctrl(1)),' Hz Bandwidth Corrected FRF']....
[num2str(lenctrl(2)),' Hz Bandwidth Corrected FRF]....
[num2str(lenctrl(3)),' Hz Bandwidth Corrected FRF"),
axes(hh)
print -dmfile fig5_5

odlength=2*pi;

countctrl=[3 10 50 200];

for ind=1:length(countctrl)
odivisions=countctri(ind);
owl=odfreg-.5*odlength:odlength/(odivisions-1):odfreq+.5*odlength;
Wi=owl;

%%compute integrals %%6%%%%%%%%%%%%6%%%6%0%%%%%%%%%6%:%%%%%%%6%:%%%%%%%%

Y%weight=ones(size(ow1))*(omegax(1));
weight=owl;
if ind ==
owl
df=(odlength/(odivisions-1))/(2*pi)
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end

%% compute integrals  %%%%%%%% %% %% %% %% %% % %% %Yo YooV % Yo YoY% Y % %% % % %% % % % Y%

DZ_R=[};

DZ [},

for count=1:length(ow1)
z_anal_red=kstat/(j*ow1(count)y+j*ow]1(count)*mstat;
h_anal_red=inv(z_anal_red),
z_exp=k_exp/(j*ow](count)+c_exp/(j*owl(count)+j*owl(count)*m_exp;
h_exp=inv(z_exp);
h_exp=h_exp(aset,aset),
hacc=h_anal_red(cset_rel,cset_rel);
hxcc=h_exp(cset_rel,cset_rel);

=inv(inv(inv(hacc)*(hacc-hxcc)*inv(hacc))-hacc),

dz_r=real(dz);
dz_i=1mag(dz),
DZ_R=[DZ_R dz_1(:)},
DZ 1=[DZ 1dz_i(:)};

end

if ind ==
DZ R;
DZ I,
for i=1:length(ow1)

dztemp1=DZ_R(ndx3d([1 cset_size*(cset_size+1)/2 length(ow1)],1,1:cset_size*(cset_size+1)/2,i));

dztemp2=DZ_I(ndx3d([1 cset_size*(cset_size+1)/2 length(ow1)],1,1:Cset_size*(cset_size+1)/2,1));

skyindex=1;
for index1=1:cset_size
for index2=index1:cset_size
dzl(index1,index2)=dztempl(skyindex),
dzl(index2 index1)=dztempl(skyindex),
dz2(index1,index2)=dztemp2(skyindex),
dz2(index2,index1)=dztemp2(skyindex),
skyindex=skyindex+1;
end
end
dzl
dz2
end

end
[INTK INTM INTCJ=intsub(DZ_L,DZ_R,owl,W1,1./(j*owl),cset_size),
ifind==1
[INTK INTM INTCJ=indsub(DZ_LDZ_R,ow1,W1,1./(j*owl),cset_size),
INTM

INTK
INTC
end

VIO MAI0%0%% % %% %6 %6 % % %% %6 %6% % %% %6 %% %0 %% % %% %% %0%0% 0% %% % % %% % Y% % % % %% %o

%8athostat

kcorrected=kstat;

mceorrected=mstat;

ccorrected=cstat;

keorrected(cset_rel,cset_rel)=kcorrected(cset_rel,cset_rel +INTK;

mcorrected(cset_rel,cset_rel)=mcorrected(cset_rel,cset_rel +INTM,

ccorrected(cset_rel,cset_rel)=ccorrected(cset_rel,cset_rel HINTC;

for i=1:length(plotw)
tempza=kcorrected+*plotw(i)*ccorrected-plotw(i)*2*mcorrected,
tempha=inv(tempza),

0%%% %%
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odcorrha=[odcorrha tempha(:)];

end

if ind==
intplotl=odcorrha;
save INTM1 INTM
save INTK1 INTK
save INTC] INTC

elseif ind==
intplot2=odcorrha;
save INTM2 INTM
save INTK2 INTK
save INTC2 INTC

elseif ind==
intplot3=odcorrha;
save INTM3 INTM
save INTK3 INTK
save INTC3 INTC

else
intplot4=odcorrha;
save INTM4 INTM
save INTK4 INTK
save INTC4 INTC

end

end

if meters
waitbar_handle=waitbar(0,'Computing Experimental FRF');
else
disp('Getting experimental FRF")
end
H_EXP=[],
for count=1:length(plotw)
if meters ,
waitbar(count/length(plotw)),
end
z_exp=k_exp+j*plotw(count)*c_exp-plotw(count)"2*m_exp;
h_exp=inv(z_exp),
h_exp=h_exp(aset,aset);
skyindex=1;
for index1=1:aset_size
for index2=index1:aset_size
red_holder(skyindex)=h_exp(index1,index2}
skyindex=skyindex+1;
end
end
H_EXP=[H_EXP red_holder;
end
if meters
close(waitbar_handle)
end

figure(6);

plot(plotw/(2*pi),log10(abs(H_EXP(ndx3d({1 aset_size*(aset_size+1)/2 length(plotw)],...

1,skyred(cset_rel(mid_index),cset_rel(mid_index)),")))),1-,...

plotw/(2*pi), log10(abs(intplotl(ndx3d(faset_size aset_size
length(plotw)],cset_rel(mid_index),cset_rel(mid_index),"")))),'g—",...

plotw/(2*pi), log10(abs(intplot2(ndx3d([aset_size aset_size
length(plotw)],cset_rel(mid_index),cset_rel(mid_index),"")))),b:,...

116




660

B70

05

CHAPS.M

plotw/(2*pi), log10(abs(intplot3(ndx3d([aset_size aset_size
length(plotw)],cset_rel(mid_index),cset_rel(mid_index),")))),k-..,...

plotw/(2*pi), log10(abs(intplotd(ndx3d([aset_size aset_size
length(plotw)],cset_rel(mid_index),cset_rel(mid_index),"")))),m")
ylabel([H(',int2str(cset(mid_index)),",",int2str(cset(mid_index)),") in/Ibf (logl0 of)])

xlabel('Omega (Hz))
grid on
%title(EXPERMENTAL FRF AND CORRECTED FRFS USING MODE 1 INT SOLUTIONS")
hh=slegend('Exp FRF, ...
[num2str(countetrl(1)),' Pts Corrected FRF'], ...
[num2str(countctrl(2)),' Pts Corrected FRF1, ...
[num2str(countetrl(3)),' Pts Corrected FRFY, ...
[num2str(countctrl(4)), Pts Corrected FRF')),
axes(hh);
print -dmfile fig5_6
figure(7),
plot(plotw/(2*pi),log10(abs(H_EXP(ndx3d([1 aset_size*(aset_size+1)/2 length(plotw)],...

1,skyred(cset_rel(mid_index),cset_rel(mid_index)),"")))),r-'...
plotw/(2*pi), log10(abs(plotl(ndx3d([aset_size aset_size length(plotw)],cset_rel(mid_index),cset_rel(mid_index),"")))),'s—

1
>

plotw/(2*pi), log10(abs(intplot1(ndx3d([aset_size aset-_size
length(plotw)],cset_rel(mid_index),cset_rel(mid_index),"")))),'b:")
ylabel([H(',int2str(cset(mid_index)),",",int2str(cset(mid_index)),") in/1bf (logl0 of)])

xlabel(*Omega (Hz)")

if titles

% title(EXPERMENTAL FRF AND CORRECTED FRFS USING MODE 1 OD&INTGRL SOLTNS")

end

grid on

hh=legend('Exp FRF, ...
[num2str(lenctri(1)),' Hz Bandwidth MAT Corrected FRFT, ...
[num2str(lenctrl(1)),' Hz Bandwidth INT Corrected FRFT]),

axes(hh)

if pswitch=="

print -dcdjcolor
end
print -dmfile fig5_7

figure(8),

plot(plotw/(2*pi),log10(abs(H_EXP(ndx3d([1 aset_size*(aset_size+1)/2 length{plotw)],...

1,skyred(cset_rel(mid_index),cset_rel(mid_index)),"")))),-'...
plotw/(2*pi), log10(abs(plot2(ndx3d([aset_size aset_size length(plotw)],cset_rel(mid_index),cset_rel(mid_index),"")))),'s—

[}
?

plotw/(2*pi), log10(abs(intplot2(ndx3d([aset_size aset_size
length(plotw)],cset_rel(mid_index),cset_rel(mid_index),"")))),b:")
ylabel([H(",in2str(cset(mid_index)),",,int2str(cset(mid_index)),") in/1bf (logl0 of)])

xlabel('Omega (Hz)')
if titles
%title(EXPERMENTAL FRF AND CORRECTED FRFS USING MODE 1 OD&INTGRL SOLTNS')
end
grid on
hh=legend(Exp FRF, ...
[num2str(lenctrl(2)),' Hz Bandwidth MAT Corrected FRF], ...
[num2str(lenctrl(2)),' Hz Bandwidth INT Corrected FRF']);
axes(hh)
if pswitch==Y'
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print -dcdjcolor
end ,
print -dmfile fig5_8

figure(9);
plot(plotw/(2*pi),log10(abs(H_EXP(ndx3d([1 aset_size*(aset_size+1)/2 length(plotw)],...

1,skyred(cset_rel(mid_index),cset_rel(mid_index)),"")))),r-,...
plotw/(2*pi), log10(abs(plot3(ndx3d([aset_size aset_size length(plotw)],cset_rel(mid_index),cset_rel(mid_index),"")))),’s—

]
o

plotw/(2*pi), log10(abs(intplot3(ndx3d([aset_size aset_size
length(plotw)],cset_rel(mid_index),cset_rel(mid_index),"")))),’b)
ylabel([H(,int2str(cset(mid_index)),",",int2str(cset(mid_index)),") i/ibf (logl0 of)])

xlabel('Omega (Hz)")
if titles
%title(EXPERMENTAL FRF AND CORRECTED FRFS USING MODE 1 OD&INTGRL SOLTNS')
end
grid on
hh=legend('Exp FRF", ...
[num2str(lenctrl(3)),' Hz Bandwidth MAT Corrected FRF'], ...
[num2str(lenctrl(3)),' Hz Bandwidth INT Corrected FRF']),

axes(hh)

if pswitch==Y'
print -dedjcolor

end

print -difile fig5 9
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%%%CHAP6_1%%6%%%%%%6%6%%6%6%6%6%6%%%6%%%6%0% %% %% %%6%:%%%%%6%%6%%6%%%%6%%%%%%%%%%
%%%%%%%%%

%%%Decompose DZ into DM, DK, & DC%%%%%6%%%%%%%6%%%6%%%%%%%%%%%%6%%%%%%%%%%%%
%%%using matrix formulation%%%6%%6%%%%%%%0%6%6%%%%% %% %% %% %% %% %% %% %%0%6%%%%%%%%%
%%%%%% %% %% %% %% %% %% %% %% %% %6%0% %% %% % %% % % %% %% %% %% %% % %% %% % %% %% %% %%
%%0%%%%%%%%%%

cle

clear

closeall

load INT

%if pswitch=="

whitebg(‘white')

close

%end

h=0;

fignum=1;

use_antires=1;

titles=0;

mid_index=round(length(cset)2),

clear L Z_ANAL c_exp conn h_anal_red

clear kexto m_exp mexto temp_l_diags

clear true_damping true_mass true_stiffness z_anal z_anal_red z_exp
clear LZ_ANAL c_exp conn h_anal red

clear kexta kexto mext0 temp_1_diags

%% % %% %% %% %%%%%%%%%%FORCE THE CSET%%%%:%%%%%%%%%%%%%
%%%%%%%%%%%%SPATIALLY INCOMPLETE%%%%:%%%%%%%%%%%%%%
if complete
%% %% %% %% %% %% %% % % %% % %% %% % %% %% %0 %% %6%%% %% %%:%% % %% %% %% %%
%% % %% %% % %% %% %% %SPATIALLY COMPLETE%%%%%%%%%%%%%%%%%
cset=[4 56 7 8 9 10 11]%%%%%%%%%%%6%6%6%6%%%%%%%
cset_rel=cset¥%%% %% %% %% %% %% % %% %% %% %% %% %% % %6 %% %% %% %%
cset_size=length(cset)%%%%%%%6%%%%%%%%%%%%%%%%%%%%
%% %% %% %% % %% %% % %% %% % %% %0 % %% % % %% %% %% %% %% %% % %% %% % %% %% %%
else
%% %% %% %% %% %%SPATIALLY INCOMPLETE%%%%%%%%%%%%%%%%%%
cset=[13 579 11 13 15]%%%%%%%%%%%%%%%%%%%%%%
cset_rel=[1 2 3 4 5 6 7 8]%%%%%%%%%%%%%%6%%%%%%%
cset_size=length(cset)%%6%%%%%% %% %% %% %% %% % %% %% %%
end
%% %% %% %% %6 %% Yo% %Yo %% % Yo% % %0 %% %6 %0 %0 %% %% %% %0 %6 % % % % %% %% %6%% %% %%

load exp

odivisions=3 ;

load odconf

nummodes=8 ;

odlength=2.001%pi ;

firsttime=1;
dw=odlength/(odivisions+1);
dow=(freqtop-freqbottom)/(fineness-1);
owref={regbottom:dow:freqtop;

if firsttime
if meters
waitbar_handle=waitbar(0,'Computing Experimental FRF"),
else
disp('Getting experimental FRF")
end
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80 H_T_EXP=[];
for count=1:length(owref)
if meters
waitbar(count/length(owref));
end
85 z_exp=k_exp+j*owref{count)*c_exp-owref(count)*2*m_exp;
h_exp=inv(z_exp),
h_exp=h_exp(aset,aset),
% skyindex=1,
% for index1=1:aset_size
90 %  for index2=indexl:aset_size
% red_holder(skyindex)=h_exp(index1,index2),
% skyindex=skyindex+1;
% end
% end
95 % H_T_EXP=[H_T_EXP red_holder’;
H_T_EXP=[H_T_EXP h_exp())];
end
if meters
close(waitbar_handle)
100 end
save H T_EXP H_T EXP
clear H_T_EXP
%load H_ANAL_RED;
%uncorrha=H_ANAL_RED;
05 %clear H ANAL,_RED
uncorrha={};
if meters
waitbar_handle=waitbar(0,'‘Computing Uncorrected FRF"),
else
10 disp('Getting Uncorrected FRF")
end
load stat
for i=1:length(owref)
if meters
15 waitbar(i/length(owref));
end
tempza=kstat-+j *owref(i)*cstat-owre{(i)"2 *mstat;
tempha=inv(tempza),
uncorrha={uncorrha tempha(:)};
20 end
if meters
close(waitbar_handle)
end
save uncorrha uncorrha
25 clear uncorrha
end
load H T_EXP
temp=[J;
for index=1:nummodes
0 for coord=1:aset_size
if index ==
antiresfreqs=find(owref>0 & owref<omegax(index));
else
antiresfregs=find(owref>omegax(index-1) & owref<omegax(index));
5 end
antires=min(log10(abs(H_T_EXP(ndx3d([aset_size aset_size length(owref)],...
coord,coord,antiresfregs))))),
whre=find(log10(abs(H_T_EXP(ndx3d([aset_size aset_size length(owref)],...
coord,coord,antiresfreqs))))==auntires),
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temp=owref(antiresfreqs) ;
antiresfreq(coord,index )=temp(whre(1));
end
end
temp=[};
for index=1:nummodes
resfreqs=find(owref>omegax(index)-dow & owref<omegax(index)+dow);
res=max(log10(abs(H_T_EXP(ndx3d([aset_size aset_size length(owref)],...
cset_rel(1),cset_rel(1),resfreqs)))));
whre=find(log10(abs(H_T_EXP(ndx3d(faset_size aset_size length(owref)]
cset_rel(1),cset_rel(1),resfreqs))))==res),
temp=owref(resfregs) ;
resfreq(index)=temp(whre(1)),
end
clear H_. T EXP

goue

Y%clear omegax
Y%omegax=resfreq;

for loopindex=startloop:skiploop:endloop
ODZ=[],
temp=[J;
rdiag=[];
ow=[J;
lowwer=owref(1)-.5*odlength;
uppper=owref(1)+.5*odlength ;
% if odivisions ==
% ow=[ow owref(1)]
% else
% ow=[ow lowwer+dw:dw:uppper-dw];
% end
% rdiag=[rdiag ones(1,odivisions*cset_size).*owref{1)];

for index=1:loopindex
%  lowwer—omegax(index)-.5*odlength ;
%  uppper=omegax(index)+.5%odlength ;

lowwer=resfreq(index)-.5*odlength ;
uppper=resfreq(index)+.5*odlength ;

ow=[ow lowwer+dw:dw:uppper-dw];

rdiag=[rdiag ones(1,odivisions*cset_size).*resfreq(index)};
if use_antires

for coord=1:aset_size
lowwer=antiresfreq(coord,index)-.5*odlength;
uppper=antiresfreq(coord,index}+.5*odlength;
size(lowwer+dw:dw:uppper-dw)
ow=[ow lowwer+dw:dw:uppper-dw]
rdiag=[rdiag ones(1,odivisions*cset_size).*resfreq(index)];
end
end
end
R=diag(rdiag),
load stat
if meters
waitbar_handle=waitbar(0,'Computing DK/DM/DC"),
else
disp('Getting DK/DM/DC")
end
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for count=1:length(ow)

if meters
waitbar(count/length(ow)),

end
z_anal_red=kstat-ow(count)2*mstat;
h_anal_red=inv(z_anal_red),
z_exp=k_exp+j*ow(count)*c_exp-ow(count)*2*m_exp;
h_exp=mv(z_exp),
h_exp=h_exp(aset,aset),
hacc=h_anal_red(cset_rel,cset_rel),
hxce=h_exp(cset_rel,cset_rel),
dz=inv(inv(inv(hacc)*(hacc-hxcc)*inv(hacc))-hacc);
ODZ=[0ODZ; dz];
temp=[temp; eye(cset_size) -ow(count)"2*eye(cset_size) +j *ow(count)*eye(cset_size)];

end :

if meters
close(waitbar_handle)

end

DKDMDC I=inv(temp"™inv(R )*temp)*temp™*inv(R)*ODZ;

%DKDMDC1=temp\ODZ ;

ODK1=DKDMDCI(1:cset_size,:);

ODM1=DKDMDC1(cset_sizet+1:2*cset_size,:) ;

ODC1=DKDMDC1(2*cset_size+1:3*cset_size,’) ;

clear hacc hxcc h_exp z_exp z_anal_red h_anal_red dz
clear temp ODZ

%6%%%%%%%%6%%%%% % %% %% %% %% %% % %% % % %% % %% % %% %% % % e %% % Y% % %% % % % % % %% %% Y
%%%%%%%%%% %%

load stat;

odcorrha={];

kstat(cset_rel,cset_rel)=kstat(cset_rel,cset_rel *-ODKI;

mstat(cset_rel,cset_rel)=mstat(cset_rel,cset_rel +ODMI;;

cstat(cset_rel,cset_rel)=cstat(cset_rel,cset_rel+ODCI;

if meters
waitbar_handle=waitbar(0, Computing Corrected FRF'),
else
disp('Getting DK/DM/DC")
end
- for i=1:length(owref)
if meters
waitbar(i/length(owref)),
end
tempza=kstat-+j*owref{(i)*cstat-owref(i)"2*mstat;
tempha=inv(tempza),
odcorrha=[odcorrha tempha(:)];
end
if meters
close(waitbar_handle)
end
if loopindex ==
odcorrhal=odcorrha;
save od1 odcorrhal
clear odcorrhal
elseif loopindex ==
odcorrha2=odcorrha;
save 0d2 odcorrha2
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260 clear odcorrha2
elseif loopindex ==
odcorrha3=odcorrha;
save od3 odcorrha3
clear odcorrha3
265 elseif loopindex ==
odcorrhad4=odcorrha;
save 0d4 odcorrhad
clear odcorrha4
elseif loopindex ==
270 odcorrhaS=odcorrha;
save od5 odcorrhas
clear odcorrha5
end

275 °  clear tempha tempza kcorrected mcorrected ccorrected
clear ODM1 ODC1 DKDMDC1 ODZ temp kstat mstat

load uncorrha
load H T_EXP
280 if complete
plotwhichcoord=[cset(mid_index)];
else
plotwhichcoord=[cset(mnid_index)];
end
285 for plotindex=1:length(plotwhichcoord)
which_coord=plotwhichcoord(plotindex);
h=figure(h+1),
fignum=fignum+1 ;
subplot(2,1,1);
290 plot(owref/(2*pi),...
log10(abs(H_T_EXP(ndx3d([aset_size aset_size length(owref)],...
which_coord,which_coord,""))),1-,...
owref/(2*pi),...
log10(abs(odcorrha(ndx3d(faset_size aset_size length(owref)]....
295 which_coord,which_coord,"")))),'s—'...
owref/(2*pi),...
log10(abs(uncorrha(ndx3d([aset_size aset_size length(owref)],...
which_coord,which_coord,"")))),b-."
ylabel([H(',int2str(aset(which_coord)),...
300 ! int2str(aset(which_coord)),) in/Ibf (log10 of)])
hold on
v=axis;
%xlabel('Omega (Hz)")
if titles
305 if use_antires
title([int2str(odivisions),' PT MATRIX SOLTNS WITH ANTIRESONANCES WEIGHTED LEFT TO RIGHTY)
else
title(Jint2str(odivisions),' PT MATRIX SOLTNS WEIGHTED LEFT TO RIGHTY)
end ‘
310 end
plot(resfreq(1:loopindex)/(2*pi),...
ones(1,loopindex)*(v(3)+abs(v(4)-v(3))*.98),k+")
%  if use_antires
%  Y%plot(diag(antiresfreq(1:loopindex,1:loopindex))/(2*pi),ones(1,loopinde%oxy*(v(3)+abs(v(4)-v(3))*.98),k*")
315 % end
grid on
hh=legend(Experimental FRF',Corrected MAT Anal FRI",Uncorrected Anal FRE", Included Modes'),
axes(hh)
hold off
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%if pswitch=="y"

% prtfigl(fignum)

% delete(h)
% % else
% delete(h)

% end

subplot(2,1,2)

thetop=find(abs(owref-ow(length(ow))*1.5*ones(1 Llength(owref)))==min(abs(owref-
ow(length(ow))*1.5*ones(1,length(owref)))));

plot(owref(1:thetop)/(2*pi),...
log10(abs(H_T_EXP(ndx3d([aset_size aset_size length(owref)],...
which_coord,which_coord, 1:thetop)))),'r-....
owref(1:thetop)/(2*pi),...
log10(abs(odcorrha(ndx3d([aset_size aset_size length(owref)],...
which_coord,which_coord, 1:thetop)))),'z—,...
owref{1:thetop)/(2*pi),...
log10(abs(uncorrha(ndx3d([aset_size aset_size length(owref)],...
which_coord,which_coord, 1:thetop)))),b-.")
ylabel(['H(',int2str(aset(which_coord)),',',int2str(aset(which_coord)),') in/1bf (log10 of)})
hold on
v=axis;
xlabel('Omega (Hz)")
if titles
if use_antires
title([int2str(odivisions), PT MATRIX SOLTNS WITH ANTIRESONANCES WEIGHTED LEFT TO RIGHTT)
else
title({int2str(odivisions),' PT MATRIX SOLTNS WEIGHTED LEFT TO RIGHTY)
end
end
plot(resfreq(1:loopindex)/(2*pi),ones(1,loopindex)*(v(3)+abs(v(4)-v(3))*.98),k+)
%  if use_antires
%  Yoplot(antiresfreq(which_coord,1:loopindex)/(2*pi),ones(1,loopindex)*(v(%3 H+abs(v(4)-v(3 ))*.98),k*"
% end
grid on
%hh=legend(Experimental FRF"Corrected MAT Anal FRF', Uncorrected Anal FRF',Tncluded Modes"),
%axes(hh)
hold off
if loopindex ==
print -dedjcolor
print -dmfile fig6_1
elseif loopindex ==
if odivisions ==
print -dedjcolor
if complete
print -dmfile fig6 9
else
print -dmfile fig6_6
end
end
elseif loopindex ==
print -dcdjcolor
print -dmfile fig6 2
end
%  if pswitch==y'
%  prtfigl(fignum)
%  delete(h)

% else
% delete(h)
% end
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380 end
delete(h)
clear H T_EXP
clear odcorrha

clear uncorrha
385 end
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%%%%CHAPG_2. M%%%%%%%%%%%%%%%% %% % %% % % %% Y% %% % Y% % %Y 0%%%%%%% %% %%%%% %%
%%%%% %% %%
%%% Decompose DZ into DM, DK, & DC %%%%%%%%%%%%%%% % % %% % %0 0% %%%%%%6%%%6% % %% %%
390  %%% using matrix formulation  %%%%%%%% %% %% %% 0%%%%6%%%%%%6%%% %% %% %% % %%
Y%%%%%% %% % %% %% % %% %% %% %% % %Yo % YoY% %Y %e Y Y%V Ye Yo Yo% YoY%l 0%%%%%%%%%%%%% %%
%%%%%%%%%%%%
cle
clear
395  closeall
load INT
whitebg(‘white")
close
h=0;
400 fignum=1;
use_antires=1
titles=0
mid_index=round(length(cset)/2);

405 clear L Z_ANAL c_exp conn h_anal_red
clear kexto m_exp mexto temp_|_diags
clear true_damping true_mass true_stiffness z_anal z_anal_red Z_exp
clear L Z_ANAL c_exp conn h_anal_red
clear kexta kexto mext0 temp_I_diags

%%%%%%%%% %% %%%%%%%%FORCE THE CSET%%%%%%%%%%%%%%%%%
%%%%%%%%%%%%SPATIALLY INCOMPLETE%%%%%%%%%%%%%%%%%%
if complete
%% %% % %% %% %Y0%6% %% % %% Y0% % %% %% %% %% % %% %% % %6 % % %% % %% % % % %% %%
15 %%%%%%%%%%%%%%%SPATIALLY COMPLETE%%%%%%%%%%%%%%%%%
cset=[4 5 6 78 9 10 11]%%%%%%%%6%%%%%%%%%%% %%
cset_rel=cset%%%% %% %% %% %% %% %% %% %% % % % % % % %% %% %% % %Yo %
cset_size=length(cset)%%%%%%%6%%%%% %% %% %% % %%%%%% %%
%%%% %% %% % %% %% %% %% %% %% %% %% %Yo %% % %% %% %% Yo% % Yo% %% % % % % % % %
20 else
%%%6%%%%%%%%%SPATIALLY INCOMPLETE%%%%%%%%%%%%%%%%%%
cset=[13 579 11 13 15]%%%%%%%%%%%%%%%%%%%%%%
cset_rel={12 345 6 7 8]%%%%%%%%%%%%%%%%%%% %%
cset_size=length(cset)%%%%%%%6%%%%%%%%%%%%%%%%%%
25 end
%%6%6%%%:%% %% %% %% %% %% %% %% % % %Yo %% % %% %% % Yo% % % %% % %% %% %% % % %

%%%6%%%%%%%% %% %% %%%%6%%%6%%%6% %% % % % % %% % %6 %% %% % %6 %% % %% % % %
%%%%6%%%%%%%%%%%SPATIALLY COMPLETE%%%%%%%%%%%%%%%%%

30 %cset=[7 8 9 10 11 12 13 14]1%%%%%%%%%%%%%%%%%%%%%
Yecset_rel=cset%%%%%6%%%% %% %% %% %% %% %% % %% % %% %% %6 %% % %% %
%cset:size=length(cset)%%%%%%%%%" 0%%% %% %% %% %% %% %% %%

%%%%%%%%%%% %% %%%%%%% %% %% %% % %% %% %% %% %% % % % %% Y% % % % % Y% % %% %

5 load exp
odivisions=3 ;
load odconf
nummodes=9
odlength=2*pi ;

0 firsttime=1;
dw=odlength/(odivisions+1);
dow=(freqtop-freqbottom)/(fineness-1);
owref=fregbottom:dow:freqtop;

5 if firsttime
if meters
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waitbar_handle=waitbar(0,'Computing Experimental FRF');
else
disp('Getting experimental FRF")
450 end

H_T_EXP=[];
for count=1:length(owref)
if meters
455 waitbar(count/length(owref));
end
z__exp=k_exp+j*owref(count)*c_exp—owref(com1t)"2*m__exp;
h_exp=inv(z_exp),
h_exp=h_exp(aset,aset);
460 %  skyindex=1,
%  for index1=1:aset_size
%  for index2=index]:aset_size
% red_holder(skyindex)=h_exp(index!,index2);
% skyindex=skyindex+1;
465 % end
% end
% H_T_EXP=[H_T_EXP red_holder];
H_T_EXP=[H_T_EXP h_exp())};
end
470

if meters
close(waitbar_handle)
end
475

save H T EXPH T EXP
clear H_T_EXP

end

. 480 %load H_ANAL -RED;

%uncorrtha=H_ANAL_RED,
Y%clear H ANAL_RED
if firsttime

uncorrha=[];

485 if meters

waitbar_handle=waitbar(0, Computing Uncorrected FRF");
else

disp('Getting Uncorrected FRF")
end

490

load stat
for i=1:length(owref)
if meters
waitbar(i/length(owref)),

495 end
tempza=kstat+j*owref(i)*cstat-owref(i)*2 *mstat;
tempha=inv(tempza);
uncorrha=[uncorrha tempha(:)];

end

500

if meters
close(waitbar_handle)
end

505 save uncorrha uncorrha
clear uncorrha
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end

load H_T_EXP
510 for index=1:nununodes
for coord=1:aset_size
ifindex == 1
antiresfreqs=find(owref>0 & owref<omegax(index)),
else
515 antiresfreqs=find(owref>omegax(index-1) & owref<omegax(index));
end
antires=min(log10(abs(H_T_EXP(ndx3d([1 aset_size*(aset_size+1)2 length(owref)],...
1,skyred(coord,coord),antiresfreqs)))));
whre=find(log10(abs(H_T_EXP(ndx3d([1 aset_size*(aset_size+1)/2 length(owref)],...
520 1,skyred(coord,coord),antiresfreqs))))==antires);
temp=owref(antiresfreqgs) ;
antiresfreq(coord,index)=temp(whre),
end
end
525
for index=1:nummodes
resfreqs=find(owref>omegax(index)-dow & owref<omegax(index)+dow),
res=max(log10(abs(H_T_EXP(ndx3d([aset_size aset_size length(owref)],...
cset_rel(1),cset_rel(1),resfreqs)))));
530 whre=f{ind(log10(abs(H_T_EXP(ndx3d([aset_size aset_size length(owref)],...
cset_rel(1),cset_rel(1),resfreqs))))==res);
temp=owref(resfreqs) ;
resfreq(index)=temp(whre);
end
535
clear H T EXP
Y%clear omegax
%omegax=resfreq;

540 for loopindex=startloop:skiploop:endloop

subdivisions=9, % should be odd for simpson's rule
intlength=2*pi; % 1 Hz bandwidth
dW=intlength/subdivisions; % sampling freq =.25 HZ
W=[);

45 W1=[];

weight={};
lowwer=owref(1)-.5*odlength;
uppper=owref(1)+.5*odlength;
W=[W lowwer+dW:dW:uppper-dW[;
50 Wi1=[W1 lowwer+dW:dW:uppper-dW},
weight=[weight ones(size(lowwer+dW:dW:uppper-dW))];

for index=1:loopindex
lowwer=omegax(index)-.5*intlength;
55 uppper=omegax(index)+.5*intlength;
W=[W lowwer+dW:dW:uppper-dWJ;
Wi=[W1 lowwer+dW:dW:uppper-dW7];
weight=[weight ones(size(lowwer+dW:dW:uppper-dW))J;
lower=antiresfreq(index)-.5*intlength;
60 upper=antiresfreq(index }+.5*intlength;
W=[W lowwer+dW:dW:uppper-dW7];
WI1=[W1 lowwer+dW:dW:uppper-dW];
weight=[weight ones(size(lowwer+dW:dW:uppper-dW))];
end

%Ycompute integrals%%%% %% %% %% % %% %% %% % %% % %% %% % Yo% % %% % %Yo %% %% Yo% Y% %% % %% % Yo%




CHAP6.M

DZ_R=[};
DZ_I=(],
if meters
570 waitbar_handle=waitbar(0,'Computing DZ),
else
disp(‘Computing DZ");
end
load stat
575 for count=1:length(W)
if meters
waitbar(count/length(W));
end
z_anal_red=kstat/(j*W(count))+cstat/(j*W(count)+j*W(count)*mstat;
580 h_anal_red=inv(z_anal_red);
hacc=h_anal_red(cset_rel,cset_rel);

z_exp=k_exp/(j*W{(count))+c_exp/(j*W(count))+j*W(count)*m_exp;
h_exp=inv(z_exp),

585 h_exp=h_exp(aset,aset);
hxee=h_exp(cset_rel,cset_rel);

dz=inv(inv(inv(hacc)*(hacc-hxcc)*inv(hacc))-hacc);
dz_r=real(dz),
580 dz_i=imag(dz),
DZ_R=[DZ_R dz_1(:)};
DZ I=[DZ 1dz_i(:)};
end

595 if meters
close(waitbar_handle)

end

Wi=1./WI,

[INTK, INTM, INTC]=intsub(DZ_LDZ_R,W,W1,weight,cset_size);
600 intcorrha=(};

clear hacc hxce h_exp z_exp z anal_red h_anal_red dz

clear temp ODZ

605 %% %% %%%%% %% %% %% %% % % %% %% % %% %% %6 %% % % %0 % % %% % % Y% %% % % %% %% % % % % % % % % YoV
2%%%%%%%%%%%
load stat;
odcorrha={];

610 kstat(cset_rel,cset_rel)=kstat(cset_rel,cset_rel *INTK;
mstat(cset_rel,cset_rel)=mstat(cset_rel,cset_rel ) FINTM;
cstat(cset_rel,cset_rel)=cstat(cset_rel,cset_rel HINTC;

if meters
615 waitbar_handle=waitbar(0,'Computing Corrected FRF"),
else
disp(‘Getting DK/DM/DC")
end

620 for i=1:length(owref)
" if meters
waitbar(i/length(owref));
end
tempza=kstat+j*owref(i)*cstat-owref(i)*2 *mstat;
625 tempha=inv(tempza),
odcorrha=[odcorrha tempha(:)];
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end

if meters
close(waitbar_handle)
end

if loopindex ==
lodcorrhal=odcorrha;
save lod1 lodcorrhal
clear lodcorrhal

elseif loopindex == 2
lodcortha2=odcorrha;
save lod2 lodcorrha2
clear lodcorrha2

elseif loopindex ==
lodcorrha3=odcorrha;
save lod3 lodcorrha3
clear lodcorrha3

elseif loopindex ==
lodcorthad=odcorrha;
save lod4 lodcorrha4
clear lodcorrha4

elseif loopindex ==
lodcorrhaS=odcorrha;
save lod5 lodcorrha$
clear lodcorrha$

end

clear tempha tempza kcorrected meorrected ccorrected
clear INTM INTC INTK temp kstat mstat cstat

load uncorrha

load H_T_EXP

if complete
plotwhichcoord={cset(mid_index));
else
plotwhichcoord=[cset(mid_index)];
end

for plotindex=1:length(plotwhichcoord)

which_coord=plotwhichcoord(plotindex),

h=figure(h+1);

subplot(2,1,1)

plot(owref/(2*pi),...
log10(abs(H_T_EXP(ndx3d([aset_size aset_size length(owref)],...
which_coord,which_coord,"")))),'r-,...

owref/(2*pi),...
log10(abs(odcorrha(ndx3d([aset_size aset_size length(owref)],...
which_coord,which_coord,"")))),'s—',...

owref/(2*pi),...
log10(abs(uncorrha(ndx3d([aset_size aset_size length(owref)],...
which_coord,which_coord,"")))),b-.")

ylabel([H(,int2str(aset(which_coord)),...
\Lint2str(aset(which_coord)),) in/Ibf (log10 of)]

hold on

v=axis,

%xlabel('Omega (Hz))

if titles
if use_antires == ‘on '
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1title([int2str(odivisions),' PT INTEGRAL SOLTNS WITH ANTIRESONANCES WEIGHTED LEFT TO RIGHTY)
else :
t(iitle( [int2str(odivisions),' PT INTEGRAL SOLTNS WEIGHTED LEFT TO RIGHTY)
en
end '
plot(omegax(1:loopindex)/(2*pi),...
ones(1,loopindex)*(v(3 J+abs(v(4)-v(3))*.98),k+)
if use_antires
‘;A)plot(autiresfreq(which_coord,1 -loopindex)/(2*pi),ones(1,loopindex)*(v(%3 y+abs(v(4)-v(3))*.98),k*")
en
grid on
hh=legend('Experimental FRF','Corrected INT Anal FRF', Uncorrected Anal FRF" ncluded Modes'),
axes(hh)
hold off
%if pswitch=="y"
% prtfigl(fignum)
% delete(h)
Y%else
% delete(h)
%end
subplot(2,1,2)
thetop=find(abs(owref-W(length(W))*1.3*ones(1,length(owref)))==min(abs(owref-

W(length(W))*1.3*ones(1,length(owref)))));

%
%
%

% h=figure(h+1),
% fignum=fignum+1 ;
plot(owref( 1:thetop)/(2*pi),...
log10(abs(H_T_EXP(ndx3d([aset_size aset_size length(owref)],...
which_coord,which_coord, 1:thetop)))),r-',...
owref( 1:thetop)/(2*pi),...
log10(abs(odcorrha(ndx3d({aset_size aset_size length(owref)],...
which_coord,which_coord,1:thetop)))),'g~',...
owref{ 1:thetop)/(2*pi),...
log10(abs(uncorrha(ndx3d([aset_size aset_size length(owref)],...
which_coord,which_coord,1:thetop)))),b-.")
ylabel([H(',int2str(aset(which_coord)),’,,int2str(aset(which_coord)),) in/lbf (log10 of)])
hold on
v=axis;
xlabel('Omega (Hz)'")
if titles
if use_antires == 'on'
title([int2str(odivisions),' PT INTEGRAL SOLTNS WITH ANTIRESONANCES WEIGHTED LEFT TO RIGHT")
else
title([int2str(odivisions),' PT INTEGRAL SOLTNS WEIGHTED LEFT TO RIGHT')
end
end
plot(omegax(1:loopindex)/(2*pi),ones(1,loopindex)*(v(3 Hrabs(v(4)-v(3))*.98),%+")
if use_antires
%plot(antiresfreq(which_coord, 1:loopindex)/(2*pi),ones(1,loopindex)*(v(%3)y+abs(v(4)-v(3))*.98),'k*")
end
grid on
%hh=legend('Experimental FRF',/Corrected INT Anal %RF",Uncorrected Anal FRF', Included Modes'),
%axes(hh)

if loopindex ==
print -dcdjcolor
print -dmfile fig6_3
h=figure(h+1),
hold off
load 0d2
plot(owref(1:thetop)/(2*pi),...
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log10(abs(H_T_EXP(ndx3d( [aset_size aset_size length(owref)]
which_coord,which_coord, 1:thetop)))),r-",...
owref(1:thetop)/(2*pi),... :
log10(abs(odcorrha(ndx3d([aset_size aset_size length(owref)],...
which_coord,which_coord, 1 :thetop)))),'g—....
owref(1:thetop)/(2*pi),...
log10(abs(odcorrha2(ndx3d([aset_size aset_size length(owref)],...
which_coord,which_coord,1:thetop)))),b-",...
owref(1:thetop)/(2*pi),...
log10(abs(uncorrha(ndx3d([aset_size aset_size length(owref)],...
which_coord,which_coord, 1:thetop)))),n::")
ylabel([H(',int2str(aset(which_coord) ) sinE2str(aset(which_coord)),) in/Ibf (log10 of)D)
hold on
v=axis,
xlabel('Omega (Hz))
if titles
if use_antires =='on '
title([int2str(odivisions),' PT INTEGRAL SOLTNS WITH ANTIRESONANCES WEIGHTED LEFT TO RIGHT)
else ‘
title({int2str(odivisions),' PT INTEGRAL SOLTNS WEIGHTED LEFT TO RIGHTT)
end
end
plot(omegax(1:loopindex)/(2*pi),ones(1,loopindex)*(v( 3yrabs(v(4)-v(3))*.98),k+)
if use_antires
Yoplot(antiresfreq(which_coord, 1:loopindex)/(2*pi),ones(] ,loopindex)*(v(%3)+abs(v(4)-v(3))*.98),k*)
end
grid on
hh=legend(‘Experimental FRF''Corrected INT Anal FRF','Corrected MAT Anal FRF',Uncorrected Anal FRF',Included

P

Modes'),

axes(hh)

hold off

print -dcdjcolor

print -dmfile figh_5

elseif loopindex ==

if odivisions ==
print -dedjcolor
print -dmfile fig6 7
h=figure(ht1);

hold off

load od3

plot(owref(1:thetop)/(2*pi),...
log10(abs(H_T_EXP(ndx3d([aset_size aset_size length(owret)],...
whicli_coord,which_coord, 1:thetop)))),r-,...
owref(1:thetop)/(2*pi),...
log10(abs(odcorrha(ndx3d([aset_size aset_size length(owref)],...
which_coord,which_coord, 1:thetop)))),'s—',...
owref(1:thetop)/(2*pi),...

log10(abs(odcorrha3(ndx3d(faset_size aset_size length(owref)],...
which_coord,which_coord, 1:thetop)))),b-.",...

owref{ 1:thetop)/(2*pi),...
log10(abs(uncorrha(ndx3d([aset_size aset_size length(owref)],...
which_coord,which_coord, 1:thetop)))), m:")

ylabel([H(',in@2str(aset(which_coord)),",",int2str(aset(which_coord)),) in/Ibf (log10 of)])

hold on

v=axis,

xlabel('Omega (Hz)")

if titles
if use_antires == ‘on '

title([in2str(odivisions),' PT INTEGRAL SOLTNS WITH ANTIRESONANCES WEIGHTED LEFT TO RIGHTY)

else
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title({int2str(odivisions),' PT INTEGRAL SOLTNS WEIGHTED LEFT TO RIGHTY)
end
end
plot(omegax(1:loopindex)/(2 *pi),ones(1,Joopindex)*(v(3 y+abs(v(4)-v(3))*.98 ),'k+)
% if use_antires
(‘? ‘?plot(antiresfreq(which_coord, 1:loopindex)/(2*pi),ones(1,loopindex)*(v(%3 Frabs(v(4)-v(3))*.98),’k*")
(] (=11 :
grid on
hh=legend(Experimental FRF','Corrected INT Anal FRF'Uncorrected Anal FRI*,Included Modes"),
axes(hh)
hold off
print -dcdjcolor
print -dmfile fig6 8

end : s
- elseif Joopindex ==
print -dcdjcolor
print -dmfile fig6_4
end
%  if pswitch==Y'
% prtfigl(fignum)
% delete(h)
% else
% delete(h)
% end
end
delete(h)
clear H_ T EXP
clear odcorrha
clear uncorrha
end

load H_ T_EXP
load odl
load od2
load od3
load od4
load uncorrha
%load lod5
h=figure(h+1),
plot(owref/(2*pi),...
log10(abs(H_T_EXP(ndx3d([aset_size aset_size length(owref)]....
which_coord,which_coord,"")))),'r-,...
owref/(2*pi),...
log10(abs(odcorrhal (ndx3d([aset_size aset_size length(owref)],...
which_coord,which_coord,"")))),'g—,-..
owref/(2*pi),...
log10(abs(odcorrha2(ndx3d([aset_size aset_size length(owref)],...
which_coord,which_coord,"")))),b-.\,...
owref/(2*pi),...
log10(abs(odcorrha3(ndx3d([aset_size aset_size length(owref)],...
which_coord,which_coord,")))),m~,...
owref/(2*pi),...
log10(abs(odcorrhad(ndx3d({aset_size aset_size length(owref)],...
which_coord,which_coord,"")))),'c-.",...
owref/(2*pi)....
log10(abs(uncorrha(ndx3d([aset_size aset_size length(owref)].,...
which_coord,which_coord,"")))),k-.")
ylabel(['H(,int2str(aset(which_coord))....
. int2str(asel(which_coord)),") in/1bf (log10 of)7)
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hold on
V=axis;
%xlabel('Omega (Hz))
870 if titles
if use_antires =="'on '
title([int2str(odivisions),' PT INTEGRAL SOLTNS WITH ANTIRESONANCES WEIGHTED LEFT TO RIGHTY)
else
title([mt2str(odivisions),' PT INTEGRAL SOLTNS WEIGHTED LEFT TO RIGHTY)
875 end
end
% plot(omegax(1:loopindex)/(2*pi),...
%  ones(1,loopindex)*(v(3 yrabs(v(4)-v(3))*.98),k+"
% if use_antires
880 %  %plot(antiresfreq(which_coord,1:loopindex)/(2*pi),ones(1,loopindex)*(v(%3 y+abs(v(4)-v( 3))*.98),%k*")
% end
v=axis,
axis([10 300 v(3) v(4)]);
y grid on
B85 hh=legend(‘Experimental FRF",'l mode MAT solution',2 modé MAT solution',’3 mode MAT solution','4 mode MAT
solution’, Uncorrected Anal FRF"),
axes(hh)
hold off
%if pswitch=="y'
90 % prtfigl(fignum)
% delete(h)
%else
% delete(h)
%end

95

print -dcdjcolor
print -dmfile fig6_12
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S%% %% % %% %% % %0 % Yo% % % %% %% Yo% %% %% % %% %Y % %%l 0%6%%%%% %% %% %% % %% % %% %% %%
%%%%%%%%%%

% PROGRAM: SETUP.M %
% INITILIZES DATA FILE FOR A FINITE ELEMENT ANALYSIS %
% VARIABLES SAVED TO FILE SETUP.MAT %

o o o Yoo Yo o oo Yo o o e e o e e oY e e o e Yo e o e e o e e e o e Ve Ao %Yo
%e%6%6%6%6% %% %%

clc
clear
L=input(Enter the total length of the beam: "),
numel=input('Num of elements: ',
dof_node=input(‘num dof per node: ';
area=input(‘area of beam: ),
eeii=input('El of beam: "),
Yeee=input('modulus for beam: '
pho=input('mass density for beam: ‘)
nundof=dof_node*(numel+1)
cle
while 1
conforce=input(‘Enter # of concentrated loads: );
if ~isnan(conforce)
break
end
end -
for i=1:conforce
forcepos(i)=input([Beam position of force ‘,num2str(i), : T
forcesiz(i)=input([Magnitude of force ‘,num2str(i),’ : );
end
force=zeros(numdof,1);
for i=1:conforce
temppos=ceil(forcepos(i)/(L/numel)),
force(dof_node*temppos+1)=force(dof_node*temppos+1 )+. 5*forcesiz(i),
force(dof_node*temppos+3)=force(dof_node*temppos+3)+ S*forcesiz(i);

end
while 1
lmass=input(Enter # of Lumped masses: ');
if ~isnan(lmass)
break
end
end
for i=1:Imass
masspos(i)=input([Beam position of Mass ',num2str(i)," : ']);
‘masssiz(i)=input([Magnitude of Mass ,num2str(i), : ']);
end
lumpmass=zeros(numel,1);
for i=1:lmass
temppos=round({masspos(i)/(L/numel)),
lumpmass(temppos)=lumpmass(temppos ) +masssiz(i),
end
lumpmass'
while 1
Ispring=input(Enter # of Lumped Springs: '),
if ~isnan(lspring)
break
end
end
for i=1:Ispring
springpos(iy=input([Beam position of Spring ',num2str(i), : ']);
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springsiz(i)=input(['Spring constant of Spring ' num2stri)," : D;
end
lumpspring=zeros(numel, 1,
for i=1:Ispring
temppos=round(springpos(i)/(L/numel)),
lumpspring(temppos)=lumpspring(temppos +springsiz(i);
end
lumpspring'
conn={1,2],
for i=2:numel
conn=[conn;i,i+1];
end
conn
while 1
be=[pinned-pinned '
‘clamp-clamp '
Teft guided clamp '
‘right guided clamp'
'cantilevered '
‘free-free %
cle
help betext .
n=input('Select a boundary condition: '),
if(n>0)&(<7)
break )
end
end
ifn==1
be='pp’;
elseif n ==
=‘CC';
elseifn==3
be='c,
elseifn==
be="rc;
elseif n==
='cl'

clear i
clear temppos
clear conforce
clear forcepos
clear forcesiz
clear Imass
clear masspos
clear masssiz
clear Ispring
clear springpos
clear springsiz
save setup.mat
x=0:L/numel:L;
for i=1:length(x)
h(i)=S;
end
clg
hold off
Yaxis('off")
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Yeplot([1.[1)
%hold on

plot(x,hx,h,'x)
125
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Y0%%%% %% % %% %% % Y% %% Yo% % %% % Yoo %o % % % % % %% Y% % % % Yo Y Yo Yo Yo Yo %% % %% Yo% Yo% Y% %% % %%
%%%%% %%
%FORM FE BEAM MODEL WITH ERRORS AT PRESCRIBED LOCATIONS%%%%%%%%%%%
%MASS ERROR LOCATION SPECIFIED VIA POSOFMASSER. VALUE OF ERROR IN%%
S %PERCENT GIVEN BY VALOFMASSERR, ETC.%%%%%%%%%%%%%%%%%% %% %% %% % %% %% %%

%% % %% %% %% %% %% Yo% % %% Yo %% % %o % %% % %6 %% % % %% %% % % Yo% %% % % Yo% %% Y Yo Yo Yo% % Yo% Yo Yo% %%
%%%%%%% :
clearclc;clg
casename='Spatially Incomplete A set Stiffness error’;

10 if exist('setup.mat')

load setup %oload existing input data file
else

setup Yecreate new input data file
end

15 struc_damping=0.00000000001;
lumpdamp=lumpspring*0 :
posofMasserr=[3 4] ;
valueofMasserr=[0.25 0.25] ;
posofStifferr=(3 4],

20 valueofStifferr=[0.25 0.25] ;
posofDamperr=[3 4],
valueofDamperr=[0.25 0.25] ;
for i=1:length(posofMasserr)

lumpmass(posofMasserr(i))=valueofMasserr(i);

25 end
for i=1:length(posofStifferr)

lumpspring(posofStifferr(i))=valueofStifferr(i),
end
for i=1:length(posofDamperr)

30 lumpdamp({posofDamperr(i))=valueofDamperr(i),
end
elen=L/numel,
if be=="pp'

doftokill=2;

35 elseif be=="c¢'

doftokill=4;

elseif be=="f'

doftokill=0;

elseif be=="cl'

0 doftokill=2;
end

e L s 8 T e R T Ty T TN
%BUILD THE ELEMENTAL MASS AND STIFFNESS MATRICES%%%%%%%

5  %FOR A 2DOF/NODE "F.E.” STRUCTURES. %%%6%% %% % %% %% % %% %% % %%
YooY YooY Y Yo e oYY %o 666 %6 %% Yo% % %6 %6666 Yoo Ao Ao e e Voo Vo Ye Yo Yo Yoo Yo% %o %% %o

%ELEMENT STIFFNESS MATRIX %%%6%%%%6%%%%%%%%%%Y%%%%%%%%%%%%%%
ke=[12 6*elen -12 6*elen,
0 6*elen 4*(elen”2) -6*elen 2*(elen™2);
-12 -6*elen 12 -6*elen;
G*elen 2*(elen”2) -6*elen 4*(elen”2)];

ke=(eeii/(elen”3)).*ke;
5  g=386;
elemke=eeii/(elen*3),

YELEMENT MASS MATRICE%%%%6%6%%%%6%6%%%%:%%%%%%%%%%%%
me=[156  22*elen 54 -13*elen;
0 22*elen 4*(elen”2) 13*elen -3*elen™2;
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54 13*elen 156 -22*elen;
-13*elen -3*(elen™2) -22*elen 4*(elen”2)];

me = (((pho*area)*elen/g)/(420)).*me;
65 elemme=(((pho*area)*elen/g)/(420)),

%%6%%%%%6%%%%% %% %% %% %% % Yo% %% % % % %% % %o %o % Yo% % % %% Yo Yot Y YoY% % Yo%l 0%%%%%%%
%%%%%%6%%%%%%
%ASSEMBLE GOBAL STIFFNESS AND MASS MATRIX FOR A 2 DOF F.E. STRUCTURE%%%%
70 %BASED ON THE ELEMENTAL MATRIXES KE AND ME. THE STRUCTURE CONSISTS OF%%%
%NUMEL ELEMENTS WITH ELEMENT CONNECTIVITY GIVEN BY MATRIX CONN%%%%%%%%® %
%096%6%6%6%%%%%%% % %% % %o %6 %6 %% %% %% % %% % %Yo % %o %% %% % %% % Y Y% Y% YoV Ye el 0%%%%% %%
%%%0%%%%%%%%%
goblk=zeros(numdof);
75 goblim=zeros(numndof);
goble=zeros(numdof);
for i=1:numel
v=conn(i,1),
w=conn(i,2),
80 goblk(dof_node*v-1:dof_node*v,dof node*v-1:dof node*v)=...
goblk(dof_node*v-1:dof_node*v,dof_node*v-1:dof node*v)+...
ke(1:dof_.node,1:dof node),
goblk(dof_node*v-1:dof_node*v,dof_node*w-1:dof _node*w)=...
goblk(dof_node*v-1:dof_node*v,dof_node*w-1:dof_node*w)+...
85 ke(1:dof_node,dof_node+1:2*dof_node),

goblk(dof_node*w-1:dof_node*w,dof_node*v-1:dof_node*v)=...
goblk(dof_node*w-1:dof_node*w,dof node*v-1:dof node*v)+...
ke(dof_node+1:2*dof_node,1:dof_node),

90 goblk(dof_node*w-1:dof _node*w,dof_node*w-1:dof_node*w)=...
goblk(dof_node*w-1:dof_node*w,dof_node*w-1:dof node*w})+...
ke(dof_node+1:2*dof_node,dof node+1:2*dof _node},

goblm(dof_node*v-1:dof_node*v,dof_node*v-1:dof node*v)=...
95 goblm(dof_node*v-1:dof_node*v,dof_node*v-1:dof node*v)+...
me(1:dof_node,1:dof node),
goblm(dof_node*v-1:dof_node*v,dof_node*w-1:dof node*w)=...
goblm(dof_node*v-1:dof_node*v,dof_node*w-1:dof node*w)+...
me(1:dof_node,dof_node+1:2*dof node),

100 goblm(dof_node*w-1:dof_node*w,dof_node*v-1:dof _node*v)=...
goblm(dof_node*w-1:dof_node*w,dof_node*v-1:dof node*v)+...
me(dof_node+1:2*dof_node,1:dof node),
goblm(dof_node*w-1:dof_node*w,dof_node*w-1:dof node*w)=...
goblm(dof_node*w-1:dof_node*w,dof_node*w-1:dof node*w)+...

105 me(dof_node+1:2*dof_node,dof_node+1:2*dof node),

end
goble=sqrt(-1)*struc_damping. *goblk;
goblkx=goblk;
goblcx=goblc;
110  goblmx=goblm,

for i=1:numel
v=conn(i,1),
115 w=conn(i,2),
goblkx(dof_node*v-1:dof_node*v,dof _node*v-1:dof node*v)=...
goblkx(dof_node*v-1:dof_node*v,dof node*v-1:dof node*v)+...
lumpspring(i). *ke(1:dof_node,1:dof node),

120 goblkx(dof_node*v-1:dof_node*v,dof_node*w-1:dof_node*w)=...
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goblkx(dof_node*v-1:dof,_node*v,dof _node*w-1:dof_node*w)+...
lumpspring(i). *ke(1:dof_node,dof_node+1:2*dof node);

goblkx(dof_node*w-1:dof_node*w,dof_node*v-1:dof node*v)=...
125 goblkx(dof_node*w-1:dof_node*w,dof node*v-1:dof _node*v)+...
lumpspring(i). *ke(dof_node+1:2*dof_node,1:dof_node);

goblkx(dof_node*w-1:dof_node*w,dof_node*w-1:dof_node*w)=...
goblkx(dof_node*w-1:dof_node*w,dof_node*w-1:dof node*w)+...
130 lumpspring(i). *ke(dof_node+1:2*dof_node,dof_node+1:2*dof node);

goblmx(dof_node*v-1:dof_node*v,dof_node*v-1:dof node*v)=...
goblmx(dof_node*v-1:dof_node*v,dof_node*v-1:dof node*v)+...
lumpmass(i). *me(1:dof_node,1:dof_node),

1135
goblmx(dof_node*v-1:dof_node*v,dof_node*w-1:dof node*w)=...
goblmx(dof_node*v-1:dof_node*v,dof_node*w-1:dof_node*w)+...
lumpmass(i).*me(1:dof_node,dof_node+1:2*dof_node),

40 goblmx(dof_node*w-1:dof_node*w,dof_node*v-1:dof_node*v)=...
goblmx(dof_node*w-1:dof_node*w,dof_node*v-1:dof node*v)+...
lumpmass(i). *me(dof_node+1:2*dof_node,1:dof_node);

goblmx(dof_node*w-1:dof_node*w,dof_node*w-1:dof_node*w)=...
45 goblmx(dof_node*w-1:dof_node*w,dof_node*w-1:dof_node*w)+...
lumpmass(i). *me(dof_node+1:2*dof_node,dof_node+1:2*dof _node),

goblex(dof_node*v-1:dof_node*v,dof_node*v-1:dof_node*v)=...
50 goblcx(dof_node*v-1:dof_node*v,dof_node*v-1:dof node*v)+...
lumpdamp(i)*sqrt(-1)*struc_damping. *ke(1:dof_node,1:dof_node),

goblex(dof_node*v-1:dof_node*v,dof_node*w-1:dof node*w)=...
goblcx(dof_node*v-1:dof_node*v,dof_node*w-1:dof node*w)+...
55 lumpdamp(i)*sqrt(-1)*struc_damping. *ke(1:dof_node,dof _node+1:2*dof node),

goblex(dof_node*w-1:dof_node*w,dof__node*v-1:dof node*v)=...
goblex(dof_node*w-1:dof_node*w,dof_node*v-1:dof node*v)+...
lumpdamp(i)*sqrt(-1)*struc_damping. *ke(dof_node+1:2*dof_node,1:dof node);

0
goblcx(dof_node*w-1:dof_node*w,dof_node*w-1:dof node*w)=...
goblex(dof_node*w-1:dof_node*w,dof node*w-1:dof_node*w)+...
lumpdamp(i)*sqrt(-1)*struc_damping. *ke(dof_node+1:2*dof_node,dof_node+1:2*dof node),
end
5

numdof=numdof-doftokill;

0 [ek,gm,gc .k _anal,m_anal.c_anal]=fixbes(goblk,goblm,goblc,bc);

[gkx,gmx,gcx,k_exp,m_exp,c_exp]=ﬁxbcs(goblloc,goblnﬁc,goblcx,bc);
save beamdata
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function [kstat,mstat}=fstatic(k,m,oset,aset)
aset_size=length(aset);

kaa=k(aset,aset),

kao=k(aset,0set),

koo=k(oset,oset);

koa=kao",

cleark;

k=[kaa,kao;koa,koo];

maa=m(aset,aset),
mao=m(aset,oset),
moo=m(oset,oset);
moa=mao’,

clear m;
m=[maa,mao;moa,mooj;

t_static=-koo\koa;
T_static=[eye(aset_size); t_static];

kstat=T_static*k*T_static;
mstat=T_static*m*T _static;

end

FSTATIC.M
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%

function [kirs,mirs}=firs_tam(k,m,oset,aset)

%

% this function returns the IRS reduced stiffaess

% and mass matrices, given the unreduced couterparts.
% Care must be taken that the aset and oset vectors correspond
% with the existing arrangement of k and m.

% k and m are UNPARTITIONED matrices.

%

aset_size=length(aset),

%

kaa=k(aset,aset),

kao=k(aset,oset);

koo=k(oset,oset);

koa=kao",

clear k;

k=[koo,koa;kao kaal;

%

maa=m(aset,aset),
mao=m(aset,oset);
moo=m(oset,oset),

noa=mao",

clear m;

m=[moo,moa;mao,maal;

%

t_static=-koo\koa;

T_static = [t_static; eye(aset_size)];
%

kstat=T_static*k*T_static;
mstat=T_static*m™*T_static;

%
tirs=t_static+inv(koo)*(moa+moo*t_static)*inv(mstat)*kstat;
T_irs=[tirs;eye(aset_size)];

%

kirs=T_irs"*k*T _irs;
mirs=T_irs*m*T_irs;

%

% end function firs_tam
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%%%% % %% %% %6%6%6%% %% %% %% %% % %% %% % %% %% %% %% %% %% % % % %% % %% %% %% % % % % %% %%
%%%%%%%%%%%

%this function returns a vector U containing modal%%%%%%%%%%%%%%%%%%%%%

Y%frequencies (rad/sec)*2 in ascending order along%%%%%%%%%%%%%%%%%%%%%%

%with associated mode shapes%%%%%%%%%%%%%%%% %% %%6%%%% %% % %% %% %% %% %% % %% %% %
Y%%% %% %% %% %% %% %% %% %% %% % Y% % %e %% %% % %% %% %% %% %% %% % % %o %Yo % %% % %% %% % %% % %
%%%%%%%%%%%%

function [ul,lambda,index]=freqmode(k,m)
[u,lambdat]=eig(m\k);
[lambda,index]=sort(diag(lambdat));
1=zeros(length(k),length(k));
for i=1:length(k);

11(i,i}=lambda(i);
end
lambda=diag(1l);
for j = 1:length(k)

ul(:,j) = u(;,index());
end
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function [r,c] = ndx3d(siz,i,j,k)

%NDX3D Index into 3-D matrix packed in a 2-D matrix.

% ELEM = NDX3D([M N P],L,J,K) returns the element position ELEM
% of the (i,j.k) elements of a M-by-N-by-P matrix which is

% stored in a (M*N)-by-P matrix. For example, the three M-by-N
% matrices A1,A2,A3 are packed into a 2-D matrix using

% A =TAL(C) A2() A3());

% If length(I) is m, LENGTH(J) is n, and LENGTH(K) is p,
% then ELEM will be an m-by-n-by-p matrix.

%

% [R,C] = NDX3D([M N P1,LJ X) returns the row and column
% position of the (i,j,k) element as stored in the normal

% 2-D matrix of size (M*N)-by-P.

%

% To specify all the elements along one dimension use "'

% For instance, NDX3D([3 5 4],2:3,",3:4) returns the

%  elements for the 2-by-5-by-2 matrix.

%

% See also ELEM3D, MESHGRID, SLICE.

% Clay M. Thompson 11-3-92

% Copyright (c) 1992 by The MathWorks, Inc.

% $Revision: 1.7 $ $Date: 1993/09/03 14:36:52 $

if isstr(i), 1 = 1:siz(1); end
if isstr(j), j = 1:siz(2); end
if isstr(k), k = 1:siz(3); end

if isempty(i) | isempty(j) | isempty(k), r = []; ¢ = [J; return, end

if any( (i<0) | (i>siz(1)) ), error(ndex I out of range."); end
if any( (j<0) | (7>siz(2)) ), error('ndex J out of range."); end
if any( (k<0) | (k>siz(3)) ), error(Tndex K out of range."), end

if nargout==2
[ij.ii] = meshgrid(j,i);
T =1() + [jC)-1)*siz(1);
c=K()

else

(ij,i1,kk] = meshgrid(j,i,k);
T =ii + (jj-1)*siz(1) + (kk-1)*prod(siz(1:2));

end
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function [KM,Cl=intsub(Z_I, Z R, omega, omegal, W, set_size)

Waitbar_hmdle=waitbar(0,'Computing Integrals');
J=sqri(-1);

integ=omega."2. *abs(W),
rint=real(integ);
iint=imag(integ);
aa=mytrapz(omegal rinty+mytrapz(omegal iint)*j;
integ=(1./omega.®2).*abs(W);
rint=real(integ);
iint=imag(integ);
bb=mytrapz(omegal rinty+mytrapz(omegal, iint)*j;
integ=abs(W);
rint=real(integ);
lint=imag(integ),
cc=mytrapz(omegal,rint}+mytrapz(omegal,iint)*j;
for i=1:set_size

waitbar(i/set_size),

for k=i:set_size

M(i,k)=(1/(aa*bb-cc"2))*(bb*mytrapz(omegal,...

omega.*Z_I(ndx3d(fset_size set_size length(omega)],...
ik, 1:length(omega))). *abs(W))-cc*mytrapz(omegal,...
1./omega *Z_I(ndx3d([set_size set_size length(omega)]...

,i.X,1:length(omega))). *abs(W))) ;
M(k,iy=M(i,k),
C(i,k)=(1/cc)*mytrapz(omegal ,Z_R(...
ndx3d([set_size set_size length(omega)],...
ik, I:length(omega))).*abs(W));
C(k,i)=C(i,k);
K(i,k)=(1/(aa*bb-cc"2))*(cc*mytrapz(omegal,...

omega.*Z_I(ndx3d([set_size set_size length(omega)]...
Lk, Llength(omega))). *abs(W))-aa*mytrapz(omegal.,...
1./omega.*Z_I(ndx3d([set_size set_size length(omega)]...

.1k, 1:length(omega))). *abs(W))) ;
K(k,iK (i),
end
end
close(waitbar_handle)
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function z = trapz(x,y)

%TRAPZ Trapezoidal numerical integration.

%  Z=TRAPZ(X,Y) computes the integral of Y with respect to X using

%  trapezoidal integration. X and Y must be vectors of the same length,

9 %  or X must be a column vector and Y a matrix with as many rows as X.

%  TRAPZ computes the integral of each column of Y separately.

%  The resulting Z is a scalar or a row vector.

%

%  Z=TRAPZ(Y) computes the trapezoidal integral of Y assuming unit
10 %  spacing between the data points. To compute the integral for

%  spacing different from one, multiply Z by the spacing increment.

%

%  Seealso SUM, CUMSUM.

15 %  Clay M. Thompson, 10/16/90; Cleve Moler, 1/19/92.
%  Copyright (c) 1984-94 by The MathWorks, Inc.

% Make sure x and y are columnn vectors, or y is a matrix.

20 % Trapezoid sum computed with vector-matrix multiply.
{m,n}=size(x) ;
z=0 ;
for index=1:m
yy=y(1+(index-1)*nn+Hindex-1)*n);
25 yy=yy(), )
xx=x(index,:);
XX = xx();
z =z+diff(xx) *(yy(1:n-1) + yy(2:n))/2;
end
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